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(54) Optical scanning-type touch panel 

(57) A recurrence reflection sheet (7) is provided to 
the outside of at least three sides of a quadrilateral dis- 
play screen (10), two light send/receive units (la, lb), 
which includes a light scanning element (11a, lib, 16a, 
16b, 4, 5) for scanning a light angularly in a plane (10) 
which is substantially parallel with the display screen, 
and a light receiving element (13a, 13b) for receiving a 



reflected light from the recurrence reflection sheet (7), 
are arranged on the outside of the display screen. A cut- 
off region due to a finger as an indicator (S) is obtained 
based on an angle of a scanning light in a timing of rise 
and fall of the received light level of the light receiving 
element (1 3a : 1 3b), and a position of the indicator (S) is 
calculated according to the obtained cut-off region. 
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ESiL I^n r p e !n^ inVen !i 0n , re ' a,eS ,0 30 ° P,iCal scannin 9- t yP e <° uch Panel which inputs information thereinto by 

s Indicator ° " * ° WhiCh * SPSCified 35 3 SeC,ion ,0 be touched * means ° f an 

™ ,' n the C3Se information displayed on a screen of a personal computer or the like is inputted by a touching 

oTdetec, tnZtZVZ V 3 ' 0UC , hed P ° Si,i0n (indiC3,ed P0Sitim) ° n ,hS diS P la V SCreen accurate| y- AS a method 
in thif' S P0S, " 0n ° n 8 d ' Sp,ay SCreen ' ' Car01 method " < U ' S ' Patent No. 4,267,443) is known. According 

io InH^h, P ' 8 trlX,SS,ruC,uredonaframsuriaceofadis P'ayscreenb y arrangingli g htemming e iements 

rTn I ! f h ^ 9Sr ° f PSn 13 de,eCted ' AGCOrdin9 10 this method < h '9 h S/N rati ° obtained, so the method. 

,k f rfl K WI2ed P ' 8y 8PPar8,US ' bUt SiTOe reSOlu,ion of de,ection is in P ro P° rtion to arrangement 
T«ZT een 91 emtm9 6lemen,S and N9W reCeMn9 elemen,S ' 11 is necessar V <° r nigh resolution of detection 
75 1 iLror^^H arran9em r ' ,n K te ^' s Therefore, in order to detect a touched position accurate? even in the case where 

3 ' 8r9e t d , " 15 ,0UChed by 8 thin material Such as a P° int of a P en . the * arises a problem that a number of 
hgh, ern,tt,ng elements and light receiving eiemen.s to be arranged is increased and thus th'e arrangement becomes 
large, and a signal process becomes complicated. 

ITS ?! i fi a ^Q fi n ; a A 0,he w 0P,iCal P ° Siti0n de,eCtin9 m6th0d i£ diSC '° Sed in Ja P anese Pa,ent A PP |icati °" Lai«3pen 
20 ' TJL n h , ° 9 1 ° thiS me,h0d ' 8 ,0CUSed ' i9h ' SUCh 33 a laser beam is scan ^d angularly from the 

outside of a d.splay screen an angle where a special pen exists is obtained from two timings of reflec.ed lights Irom 
the speca pen having a reflector, and the obtained angle is applied to the triangulation principle so that a coordinate 
of the position « detected by calculation. Th,s method can reduce a number of parts greatly and can provides hi 
resoM^Howev^ 

of a finger, an arbitrary pen, etc. cannot be detected. . . 

25 Ts?™iZT he y^r*' 0n de,eCtin9 m ° th ° d iS SU " eSled h Japanoso Patent A P plica,i °n LaidOpcn No. 
f rSfn , nh, , T?« M< rMlector is a ™9ed *«mes on both sides of a display screen, 

In ~ , 9 T h 19 retr °- re, ' eCt0r 01 a ^ beam scanned a "9^arly is detected, an angle where a finger o 
ZZT» obtained rom timing that the light beam is cu, off by the finger or pen, and a coordinate of the position is 
detected accord.ng to the triangulation principle to which the obtained angle is applied. In this method detecting ac- 
curacy can be mamtained with a small number of pats, and the position of a finger, arbitrary pen, etc. can be detected 
0005] However, in the method disclosed in Japanese Patent Application Laid-Open No. 62-5428/1 987 the detected 
ZtrtrZ V ,S 0CCaSi0 , na " y d6Viated ,rom an ac,ua "y 10 uched position due to an influence of a size or position of 
TZtTT'T^ T C8Se WhSre 8 fin 9 er - ,ouched P° siti °" « detected, when the screen is touched by parts 

aZ h ?H t r r; or an eibow touches ' there arises a prob,em mat a ***** ^ * touched .he 

rm4i ^S? ,heMban,he ^S^^^^^^'ectedfalsely and theposition of thefingercannot be specified 
h ,h ' 0n ' COnventlonal metnods ' 3 «9ht emitting element which emits a scanning light is frequently 
arranged so that an optic axis of the light emitted by.the light emitting element is parallel with a scanning surface and 

re 5 Id ?T "T r6CeiVe S 8 re " eC,ed SCannin9 ' i9ht is '^quently arranged so that a d rection of he ■ 

a ive v la TllZ l 1 min9 SUriaCe ' F ° r ,h ' S re8S0n ' ,he li9ht Send/recelve member be ^es compar- 
atively large, and this frequently disturbs Ihe miniaturization of the whole apparatus' " • 

™ LT e ll! hB diSPla K SCr l en ' 15 genera " y rectan 9 ular and a canning region is designed according to the display 
screen, and ,n this case when the arrangement is such that a light emrtting element, Hght receiving element L 

ZTZT T f C f re arran9ed P ara,iel with each oth erat the edge sidesof the display screen sothatthe apparatus 
an be miniaturized. However, ,n the case of this arrangement, there arises a problem that a scanning light by the "! 

[0008] in the conventional methods, an off-se, voltage is changed because of an influence of sensitivity caused by 
cannot be'maTe' 6 ' ^ ' i9h ' r8CeiVin9 e ' emem ' 8nd ' hUS '"^ fe a P0SSibHi,y tha ' accurate ^asuremem 
[0009] In addition, in the conventional methods, the time required for the light receiving element receiving a reflected- 
«1 1 hT?- aCCOrdin9 10 SCatterin9 ° f 8 f0,atin9 Speed 0f a P ol V9°n mirror, etc. of respective a P - 

aSershipm^ 

[001 1 0] Further, in the conventional methods, in the case where two or more indicators exist on a scanning surface 

there arises a problem that their positions cannot be detected accurately. 

EH!!! An ° PtiCa ! s™™ 9 ^ toucn P anel accordin 9 t° a first aspect of the present invention is provided with a 

^™ T ? mb6r ^ 3t ' eaS ' ,hreS Sid6S ° f 3 reC,an9ular coordinate mer "ber in at least three sides of 
a rectangular coordmate surface, at least two light send/receive members having a light scanning element for angubrly 
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scanning a light in plane which is substantially parallel with the coordinate surface and having a light receiving element 
for detecting the light from the light scanning element which is reflected from the light recurrence reflection member 
on the outside of the coordinate surface, and the optical scanning-type touch panel detects existence of an indicator 
and a scanning angle based on a received light amount detected by the light receiving element, and measures a cut- 
s off region where light scanning is cut off by the indicator according to the detected result, and calculates a position of 
the indicator, namely, an indicated position. 

[0012] Here, when an angular velocity of the scanning light is constant, information of the. scanning angle can be 
obtained from information of the scanning time. Moreover, a cross-section length of the indicator can be calculated 
based on the measured cut-off region and the calculated indicated position, and information about a size of the indicator 

io can be obtained according to the calculated cross-section length. As mentioned above, in an embodiment of the present 
invention, information about the position and size of the indicator may be obtained. 
. [0013] Information about sizes of various objects which are supposed to. touch the coordinate surface is stored pre- 
viously, and information about the actually obtained size of the indicator is compared with the stored information about 
sizes so that a type of the current indicator is judged according to the compared result. A judgment is made as to 

is whether or not the indicator is an indicator for actually specifying a position, and only when the indicator is an indicator 
for specifying a position, the result ot measuring the cut-off region and the result of calculating the indicated position 
are effective. Therefore, false detection of an indicated position by a wrong indicator can be prevented, and thus an 
indicated position by a correct indicator can be always detected. 

[0014] When two more light receiving elements for receiving a light from the light emitting element which is reflected 
20 from the light recurrence reflection member are arranged in each lighl send/receive member so as to be close to both 
the end portions of the detecting region of the coordinate surface, the light receiving signals of the light receiving 
elements can be used as scanning start/end timing signals. 

[0015]. When two more light reflecting elements for reflecting a light from the light emitting element and making the 
light be incident to the light receiving element are arranged in each light send/receive member so as to be close to 
25 both the end portions of the detecting region of the coordinate surface, the light receiving signals of reflected light from 
the light reflecting elements can be used as scanning start/end timing signals. 

[0016] When a region where the indicator cannot enter is provided between the coordinate surface and the light 
recurrence reflection member, even if the indicator is in any position on the coordinate surface : the scanning start/end 
timing can be. obtained securely, and an indicated position can be detected accurately. 

30 [0017] Further, the scanning light Irom the light emitting element is a pulse light, and pulse light emission is controlled. 
For example, a pulse light is of sufficiently short period, a number of pulses can be cope with a scanning angle in the 
rairo of 1:1 . Moreover, when the emission time for once is shortened, or the emission strength for once is weakened, 
or the light emitting period is lengthened, average radiant energy from the light emitting element can be reduced. 
Further, when the scanning start timing in each optical scanning is varied, even if the light emitting period becomes 

35 long, the detection of the indicator is not omitted. 

[0018] In addition, the arrangement of the light emitting element and light receiving element is considered so that 
the scanning light from the light scanning element is not cut down by components accompanying the light emitting 
element and light receiving element. Therefore, the optical scanning by the light scanning element is sufficiently 
scanned in the direction of the scanning region, and thus a sufficient scanning angle can be obtained. 

40 ■ [0019] Furthermore, the light emitting element is. arranged so that the light emitting direction of the light emitting 
element intersects the scanning surface of the light scanning element, and the light receiving element is arranged so 
that the directivity of light receiving by the light receiving element intersects the scanning surface of the light scanning 
element. As mentioned above, since the arrangement of the light emitting element and light receiving element is con- 
sidered, the light send/receive member can be miniaturized and accordingly the whole apparatus can be miniaturized. 

45 [0020] In addition, the light send/receive. member further includes a light separating element for passing the light 
emitted from the light emitting element towards the light scanning element and separating the reflected light from the 
light recurrence reflection member to the light receiving element, and the light separating element includes a reflector 
having a reflecting surface for reflecting the reflected light from the light recurrence reflection member in the direction 
of the light receiving element and having an opening which is bored between the reflecting surface for passing the light 

50 emitted from the lighl emitting element towards the light scanning element and the back surface of the reflecting surface. 
The light which is allowed to pass from the light emitting element towards the light scanning element is controlled by 
this opening. 

[0021] In the above constitution, the reflector is constituted so that its reflecting surface and back surface are not 
parallel with each other. As a result, a percentage of the light emitted from the light emitting element being received 
55 directly by the light receiving element becomes Jow. 

[0022] In the above constitution, a reflecting mirror whose reflecting surface intersects the coordinate surface is 
further provided, and the light scanning element scans the light emitted from the light emitting element in a plane which 
intersects the coordinate surface, and the reflecting mirror reflects the light scanned in the plane where the light scan- 
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ning element intersects the coordinate surface in a nbn fl r^^n~i + u iL 

the light emitting element is scanned b the . g , scan Z ^ e Z t trf T*^ ^ ^ ^ ,rom 
and the light scanned by the light scannL elementi TZZ. V P lane "Meeting the coordinate surface 
reflecting mirror in the Jane , e 2 ^TeT^ZTV^ ' S reflected b * < he 

A. this time, when the reflecting surface o th fSSLZ^ f ns "^'°n of the apparatus can be miniaturized, 
the light emitted from the light^S ^^^^t^^^Tf * ^ 

perpendicularly to the coordinate surface, and thus the constitution nHhl * '" 9 elem6nt m ,he P^e intersecting 
[0023] An optical scanning-type touch canel ^LTlnT 1 apparatus can be further miniaturized, 
recurrence reaction member, ^^V^TZ^T* ^ * ^ 

by the Hght receiving eiemen, with a predefined J h n ^S^^^ ,, ^^ 9 ri a T™ 9 si9nal 
coord.nate surface, detecting timing of shielding due to the indict™,! ? 30 ' ndlCa, ° r ex,sts in a 

of a scanning light due to the indicator in r^^^ i ^^^r SUma Unrt '° r me3SUrin9 a cu| -°" ^on 
element and a compared result of the coVZa^a Z rTtfnn T * ^ m ,he op,ical scan ™9 

in the coordinate surface bcc^ZS^^^^'"^ * ^ 3nd size ° f the <»«™°< 
« a lowest level of a light receiving signal ofThe tohf r^pi„ T f ° 9 * ^ level de,ector ,or detec ^9 
the level of the signal ^mI ^^XJ^I ?T ' ^ aMm9 3 P rede 'e™ed value to 

value obtained by the adder ^ Va,Ue Se " in9 Un,t for Set,in 9 the add «™ 

of the ugh, receding e\enJl£^^Z V ^TT, ^ ^ 0t ,he li9ht receivin 9 signal 

signal ievel is wioftecomiiJ^^S^ f n '? f * T" 9 *" prede,ermined ^ <° »• detected 
» due to a change, etc. in the se«y is nofgTn ' " " 3 Ch3n9e * ^ °' the r "9 signa, 

element receives a scanning light wrth the ZZ Z^ll ■ ! 9 ?k 9 S ' 9na ' " the C3Se Where ,he «9 M rec ^ing 
s -weenthetwolevelsdete^ 

S7 9 A?o m ra, Theref0re ' 3 ,hreSh ° ld ° f ^ COmpar ^ " 1o a slS r e ' V,n9 S ' 9nal ° f ' i9ht 

unit, and time counter for coX -^u^lTo^ Z ^ ' ^^"^ "^"^ Unft and calcula1 ^ 
. in the case where the hdicato^^n^o^."^ f , 9 T'™ 9 °' the ,i9ht receivin 9 ***m 
in the case where the compare resuJ of ZcT^r^t^L r^V^ P6rf0rn,S ™ a *~, 

the continuous time of the Lb, of the ou ut Z oUhe ^ IS " t,me C0Un,ed b ^ ,he «™ Since . 

not exist on the coordinate surface is coulT^ Tll ?? emen ' h th6 C3Se Where ,he indica,or do " 
result of the comparator is tt^ l^^^^^ P***m«* the case where the compared 
[0026] In the above-mentioned constitution Z 2? V IS K not u necessar y ,0 adjust respective apparatuses, 
time of actuation or in the SH^pJ^SSiS ^1°°^ * auto «'V a ' ^ 

isperformedautomaticallyatthetimeolacualior 

of the time at which the iight reS ? ^ r^.^^E^^^^ " 9iV6n ' SC3,,em9 
ratuses is corrected automatically. 9h ' ' n SC3nnin9 for once in ,ne respective appa- 

^™^^^£t^? 9 ,0 3 «"* of ,he P-ent invention indudes the light 

= unit, and counter for countg a ISe of t mel c^ me3SUrin9 unrt and cafculat^ng 

to the indicator existing o 7he coo^nate '"J" 6 det6C,S 3 cu, -° ff timin 9 due 

where a counted value of the ^Sfe^T^p^ , h d0eS n0t per1orm m ^uremen1 in the case 

the indicator existing on t e cZ n surf^ Ttw c'e o moreT " ^ C ° mPara, ° r de,SC,S 3 CU ^ ,imin9 due *° 
unit, so a situation that detection becomesSoo «n3T' r aSUrement ' S n0 ' perf0rmed b ^ ,he measu ™9 
[O028] ,„ such an optica, ^n!^3SS whe! S C ° n,USi ° n 0CCUrS ^ be 3V ° ided preViouSl ^ 
mirror having three through six reflect Zs^T^TLT ,he ° p,lcal scannin 9 elem ent is composed o, a polygon 
constituted small. 9 rf3CeS ' ,he P ° ly9 ° n m,rror com P osin 9 the optical scanning element can be 

SontacTr ^Se^icTr ^ IT' ^ ^ ^ ^ — *e ind.cator 
coordinate surface (non-contact touchMn other wo df «n h h 033 " ^ '"''^^ iS n0t in COntact wi,h ,he 

to the state where tie indicator is ^ a ^ Z ~T ^ " "° » ^ 

object to be touched (heretarter caTJd a coord n tl c h T ' nd ' Ca, ° r indiCa,i " 9 ° n 3 P ' ane s P ecified a « a " 
[0031] Anotherembodimen,; ' ^TJZtnZlT^ 3 Sfee ° f the indicator ' 

the posrtion isindicated hv a i" I ^ZT , 1 , ?" U ^ C ^ P roviaea "°Pt-al scanning-type touch panel in which when 
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[0032] Still another embodiment of the present invention can provide an optical scanning-type touch panel in which 
scanning lights by an optical scanning element can be prevented from being cut off by a light emitting element, a light 
receiving element or the like by arranging the light receiving element and light scanning element farther from the edge 
sides of a rectangular coordinate surface than the light emitting element, and a sufficient scanning angle can be ob- 
tained. 

[0033] Still another embodiment of the present invention can provide an optical scanning-type touch panel in which 
a light emitting element for emitting a scanning light is arranged so that an optic axis of the emitted light intersects a 
scanning surface and a light receiving element for receiving reflected scanning light is arranged so that directivity of 
the received light intersects the scanning surface, and thus a light send/receive part can be miniaturized and further 
the whole of the apparatus can be miniaturized. 

[0034] Still another embodiment of the present invention can provide an optical scanning-type touch panel in which 
a defect of faults of an optical isolator in the case of using a half mirror is eliminated. 

[0035] Stilt another embodiment of the present invention can provide an optical scanning-type touch panel in which 
an influence of a change in sensitivity- due to a change in temperature of light receiving element is eliminated so that 
accurate measurement can be made. 

[0036] Still another embodiment of the present invention can provide an optical scanning-type touch panel which is 
capable of automatically correcting scattering of the time when a light receiving element receives a reflected light at 
scanning once in respective apparatuses, and capable of coping with change after shipment easily 
[0037] Still another embodiment of the present invention can provide an optical scanning-type touch panel in which 
when two or more indicators exisl on a scanning surface, a slate that their accurate positions cannot be delected is 
frequently temporary, so in this case the positions are not detected so that useless confusion can be avoided. 
[0038] Reference will now be made, by way of example, to the accompanying drawings, wherein: 

FIG. 1 is a schematic diagram showing a basic constitution of a first optical scanning-type touch panel embodying 
the present invention; 

FIG. 2 is a schematic diagram showing an internal constitution and an optical path of a light send/receive unit; 
FIG. 3 is a schematic plane view showing an example of the constitution of the light send/receive unit; 
FIG. 4 is a schematic side view showing an example of the constitution of the light send/receive unit; 
FIG. 5 is a schematic perspective view showing an example of the constitution of the light send/receive unit: 
FIG. 6 is a block diagram of the optical scanning-type touch panel of Fig. 1; 

FIG. 7 is a schematic diagram showing an applied state of the optical scanning-type touch panel of Fig. 1; 
FIGS. 8A and 8B are timing charts showing level changes of a light receiving signal; 
FIG. 9 is a schematic diagram showing the principle of a triangulation used for detecting a coordinate; 
FIG. 10 is a schematic diagram showing an indicator and a cutoff region; 

FIG. 11 is a timing chart showing a relationship between a light receiving signal, scanning angle and scanning time; 

FIG. 1 2 is a flow chart showing algorithm for measuring a time of shielding; 

FIG. 1 3 is a schematic diagram showing the principle of measuring a cross-section length; 

FIG. 14 is a flow chart showing algorithm for determining a type of the indicator; 

FIG. 15 is a schematic diagram showing a basic constitution of a second optical scanning-type touch panel em- 
bodying the present invention; 

FIG. 16 is a block diagram of the optical scanning-type touch panel of Fig. 15; 

FIGS. 17A - 17E are timing charts for explaining an operation of the light-scanning-type touch panel of Fig. 15; 
FIG. 1 8 is a schematic diagram showing a basic constitution of a third optical scanning-type touch panel embodying 
the present invention; 

FIG. 19 is a block diagram of the optical scanning-type touch panel of Fig. 18; 

FIGS. 20A - 20C are timing charts for explaining an operation of the optical scanning-type touch panel of Fig. 18; 
FIG. 21 A is a schematic plane view showing a basic constitution of a fourth optical scanning-type touch panel 
embodying the present invention; 

FIG. 21 B is a schematic sectional view showing the basic constitution of the optical scanning-type touch panel of 
Fig. 21A; 

FIG. 22A is a schematic diagram showing a constitution of a recurrence reflection sheet; 

FIG. 22B is a graph showing a relationship between an incidence angle and relative reflectance of the recurrence 
reflection sheet; 

FIGS. 23A -23D are timing charts showing a level change of the light receiving signal; 

FIG. 24 is a block diagram of a fifth optical scanningtype touch panel embodying the present invention; 

FIGS. 25A .- 25E are timing charts for explaining an operation of the optical scanning-type touch panel of Fig. 24; 

FIGS. 26A and 26B.are timing charts showing a timing signal of pulse light emission; 

FIGS. 27A and 27B are schematic diagrams showing radiating states of the scanning light; 
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FIGS. 28A - 28C are timing charts showing the timing signal of pulse light emission; 
FIGS. 29A and 29B are timing charts showing the timing signal of pulse light emission 
FIG. 30 is a schematic diagram showing the radiating state of the scanning' light; 
FIG. 31 is a flow chart showing algorithm for controlling a frequency of a scanning pulse* 
5 cir ' II 13 ^'° C * diaQram S u howin 9 an exam P |e of a constitution for controlling a received light amount uniform^- 

FIG. 33 ,s a block diagram showing an example of the constitution for controlling a received light amount uniform^ 
Mb. 34 is a timing chart when a received light amount is controlled uniformly 

FIG. 35 is a block diagram showing an example of the constitution for controlling a received light amount uniformly: 
FIG 36 is a block diagram showing an example of a constitution for comparing a received light amount with a 
10 monrtored result; 

FIG. 37 is a block diagram showing an example of a constitution for comparing a received light amount with a 
monitored result; 

FIG. 38 is a block diagram showing a configuration of a driver of the light emitting element' 

^ 39A . and 39B , afe wave,orm charts for ^Plaining examples of increase in margin (improvement in S/N ratio) 
« due to a change in light emission strength; ' 

FIG. 40 is a block diagram showing an example of a constitution of a light receiving signal detector 
FIGS. 41 A and 41 B are timing charts of the light receiving signal level; 

FIG. 42 is a block diagram showing an example of a constitution a time set/time measuring section of an optical 
scanning shielding time measuring system; 
2° FIGS. 43A - 43C are liming charts showing a relationship or time as for liming of one optical scanning- 

FIG^ 44 is a schematicdrawing showing an internal constitution and optical path of the light send/receive unit in a 
sixth optical scanning-type touch panel embodying the present invention; 

FIG. 45 is a schematic plane view showing an example of a constitution of the light send/receive unit 
FIG. 46 is a schematic side view showing an example of the constitution of the light send/receive unit' 
FIG. 47 is a schematic side view showing an example of concrete constitution of a beam splitter 
FIG. 48 is a schematic block diagram of the optical scanning-type touch panel of Fig 44- 
FIG. 49 is a block diagram showing an example of a configuration of a light receiving signal detector 
Fia 50 ,s a schematic diagram showing an applied state of the optical scanning-type touch panel of Fig 44- 
FIGS. 51 A and 51 B are waveform charts showing a state of a light receiving signal and comparison output signal 
when an indicator does not exist on a display screen; 
FIGS. 52A and 52B are timing charts showing a level change of the light receiving signal- 
FIGS. 53A and 53B are flow charts showing algorithm for processing the light receiving signal 
FIGS. 54A and 54B are waveform charts showing a state of the light receiving signal and comparison output signal 
when two indicators exist on the display screen; tf 
FIG. 55 is a schematic diagram showing an example of another constitution of the light send/receive unif 
FIG. 56 is a schematic diagram showing an example of another constitution of the light send/receive unif' and 
FIG. 57 is a graph showing a relationship between a number of surfaces and size of a polygon mirror. ' 

!l° t 39] kT 1 ! S f,K aWm9 Sh ° Win9 ,hS b3SiC cons,i1ution 01 the optical scanning^type touch panel according to the 
first embodiment of the present invention. 

[0040] In FIG. 1 , a reference numeral 10 is a display screen such as CRT, flat display panel (PDP LCD EL etc ) 
and a projection-type image display device in an electronic equipment such as a personal computer, and in the presen 
example the display screen is constituted as a PDP (Plasma Display panel) screen having a display dimension of 92 0 
cm wide X 51 .8. cm long and 1 05.6 cm diagonal. As mentioned later, the outsides of both corners of one short side (in 
the presen, example right side) of the rectangular display screen 10 to be an angular plane (coordinate surface) for 
specifying a target section to be touched are respectively provided with light send/receive units la and lb havinq an 
optical system including a light emitting element, light receiving element, polygon mirror, etc. Moreover, the outsLs 
of three sides other than the right side of the display screen 10, namely, of the sides on the upper and lower sides and 
the left side are providedwith a recurrence reflection sheet 7. These parts are arranged to be shielded by a canopy- 
shaped interceptor (not shown), mentioned later, provided to the front side of a housing 
[0041] Here, a reference numeral 70 is a light shielding member. This light shielding member 70 is provided on a 
line connecting both the light send/receive units 1 a and 1 b so that a direct light does not enter between both the light 
send/rece,ve units 1 a and 1 b, more specifically a light projected from the light send/receive unit 1 a does not enter the 
light send/receive unit lb, whereas a light projected from the light send/receive unit 1 b does not enter the light send/ 
receive unit la. Moreover, the light shielding member 70 is an object whose light reflectance is "0" practically and its 
height is substantially the same as the height of the recurrence reflection sheet 7. Moreover, a reference symbol S 
shows a sedion of a finger as an indicator (light interceptor). 

[0042] FIG. 2 is a drawing showing an internal constrtution and optical path of the light send/receive units 1 a and 1b. 
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Both the light send/receive units 1 a and 1 b respectively include light emitting elements 1 1 a and 11b composed of laser 
diodes for emitting near infrared lasers, collimating lenses 12a and 1 2b for making laser beams from the light emitting 
elements lla and lib to be parallel, light receiving elements 1 3a and 1 3b for receiving reflected lights from the recurrence 
reflection sheet 7, visible light cut filters 14a and 14b lor shielding visible light components of outer lights from the 
display screen, illumination light, etc. which enter the light receiving elements 13a and 13b, half mirrors 15a and 15b 
for guiding the reflected lights to the light receiving elements 1 3a and 1 3b ( polygon mirrors 1 6a and 1 6b (square-shaped 
in the present example) for scanning the laser beams from the light emitting elements lla and lib angularly, etc. 
[0043] After the laser beams emitted from the light emitting elements lla and lib are made to be parallel lights by the 
collimating lenses 12a and 12b to be transmitted through the half mirrors 15a and 15b, they are scanned angularly by 
the rotation of the polygon mirrors 16a and 16b in a plane which is substantially parallel with the display screen 10 to 
be projected onto the recurrence reflection sheet 7. After the reflected lights from the recurrence reflection sheet 7 are 
reflected by the polygon mirrors 16a and 16b and the half mirrors 15a and 15b, the reflected lights passes through the 
visible light cut filters 14a and 14b to enter the light receiving elements 13a and 13b. However in the case where an 
indicator exists in an optical path of the projected light, the projected light is cutoff, so the reflected lights do not enter 
the light receiving elements 13a and 13b. Here, a laser beam can be scanned angularly at an angle of not less than 
90° by the rotation of the polygon mirrors 16a and 16b. 

[0044] The light send/receive units la and lb are connected with light emitting element drivers 2a and 2b for driving 
the light emitting elements 11 a and lib, light receiving signal detectors 3a and 3b for converting a received light amount 
of the light receiving elements 1 3a and 1 3b into an electric signal, and a polygon controller 4 for controlling the oper- 
ations of the polygon mirrors 16a and 16b. Moreover, a reference numeral 5 represents MPU for measuring and cal- 
culating a position and size of the indicator S such as a finger and pen and for controlling the operation of the apparatus, 
and 6 represents a display device for displaying the measured results or the like of the MPU 5. 

[0045] In such an optical scanning-type touch panel, as shown in FIG. 1, when the description is given as for the 
light send/receive unit 1b, for example, is given, the projected light from the light send/receive unit lb is first scanned 
in the counterclockwise direction in FIG. 1 from a position shielded by the light shielding member 70, and the projected 
light comes to a position (Ps) where the projected light is reflected by the point of the recurrence reflection sheet 7 and 
to a scanning start position. Thereafter, the projected light is reflected by the recurrence reflection sheet 7 until the 
projected light comes to a position (P1 ) of one end of the indicator S, but the projected light is shielded by the indicator 
S until a position (P2) of the other end of the indicator S, and the projected light is reflected by the light recursive sheet 
7 until it comes to a scanning end position (Pe). 

[0046] However, in the light send/receive unit 1a, a light is scanned in the clockwise direction in the FIG. "1 . In the 
light send/receive unit 1a, the side of the lower side of the display screen 10 is the scanning start direction in the 
clockwise direction in FIG. 1, and in the light send/receive unit 1b, the side of the upper side of the display screen 10 
is the scanning start direction in the counterclockwise direction in FIG. 1. The reason for this is described below. 
[0047] In the case of the light send/receive unit 1 b, for example, the side of the upper side or the side of the left side 
of the display screen 10 can be the scanning start direction, but viewed from the light send/receive unit 1b, since the 
upper side of the display screen 10 is closer than the lower side, an amount of reflected light is larger, and since the 
light is substantially at right angles with the reflecting surface of the recurrence reflection sheet 7. in the upper side of 
the display screen 10, an amount of reflected light is larger. For this reason, the side of the upper side of the display 
screen 10 is set as the scanning start direction. In other words, when in the case of the light send/receive unit 1b the 
side of the lower side of the display screen 10 is the scanning start direction, the lower side of the display screen 10 
is fartherthan the upper side, so an amount of reflected light at the time of starting scanning becomes smaller. Moreover, 
since the reflecting surface of the recurrence reflection sheet 7 is curved, an amount of reflected light becomes smaller. 
However, the curve of the recurrence reflection sheet 7 is not an essential problem, so needless to say, a constitution 
where the recurrence reflection sheet 7 is not curved can be provided. 

[0048] The aforementioned FIG. 2 is a schematic diagram for explaining the optical path and the operation of the 
light send/receive units la and 1b, so the optical scanning-type touch panel of the present invention is actually consti- 
tuted such that the fight send/receive units la and 1b are arranged as shown in the schematic plane view ol FIG. 3, 
schematic side view of FIG. 4 and schematic perspective view of FIG. 5. 

[0049] The light send/receive unit 1a (lb) contains the light emitting element 11a (11b) such as a semiconductor 
laser generating unit and the light receiving element 13a (13b) for receiving a reflected light from the recurrence re- 
flection sheet 7 inside a housing 10a (10b), and its upper surface is provided with a prism mirror 17a (17b) on the 
portion directly above the light emitting element 11a (11b), and the portion directly above the light receiving element 
13a (1 3b) is provided with the half mirror 15a (15b). Further, the polygon mirror 16a (16b) is attached to a shaft of a 
pulse motor (not shown), at a portion opposite to the prism mirror 17a (17b) across the half mirror 15a (T5b) on the 
upper surface of the housing 10a (10b). 

[0050] In FIGS. 3, 4 and 5, the collimating lenses 12a and 12b and the visible light cut filters 14a and 14b shown in 
FIG. 2 are omitted, so the description thereof is omitted. 
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[0051] According to the aforementioned constitution of the light send/receive unit 1a (1b), a laser beam emitted from 
the light emitting element 11a (lib) is refracted by the prim mirror 17a (17b) to pass through the half mirror 15a (15b) 
and is reflected by the polygon mirror 1 6a (1 6b) to be projected onto the recurrence reflection sheet 7 The light reflected 
by the recurrence reflection sheet 7 is returned to the polygon mirror 16a (16b) to be reflected thereby and enters the 
s half mirror 15a (15b) to be received by the light receiving element 13a (13b) finally 

[0052] As shown in FIGS. 3, 4 and 5, in the light send/receive unrt 1a (1b) of the optical scanning-type touch panel 
of the present invention, the light emitting element 11a (lib) is positioned in the housing 10a (10b) so that an optical 
path therefrom to the polygon mirror 16a (16b) goes away from the edge side of the display screen 10 on the light 
emitting element 11a (11b) side. The light receiving element 13a (13b) is positioned in the housing 10a (10b) so that 
10 an optical path therefrom to the polygon mirror 16a (16b) goes away from the edge side of the display screen 10 on 
the light receiving element 13a (13b) side. 

[0053] Such an arrangement of the light emitting element 11 a (1 1 b) and light receiving element 1 3a (1 3b) is adopted 
in order to solve a problem such that a scanning light from the polygon mirror 16a (16b) is shielded by the half mirror 
15a (15b) and the prism mirror 17a (17b) and thus sufficient scanning cannot be performed in the direction of the 
is display screen 10. 

[0054] Furthermore, in the light send/receive unit la (1b) of the optical scanning-type touch panel of the present 
invention, the light emitting element 11a (lib) is positioned in the housing 10a (10b) so that the direction where its 
laser beam is emitted intersects perpendicularly to the display screen 10, namely, a scanning surface by the polygon 
mirror 1 6a (1 6b), and the light receiving element 1 3a (1 3b) is positioned in the housing 1 0a (1 0b) so that the directivity 
w of the light receiving intersects perpendicularly to the display screen 10, namely, the scanning surface by the polygon 
mirror 16a (16b). . . 

[0055] Such an arrangement of the light emitting element 11a (11b) and light receiving element 13a (13b) is more 
effective in miniaturization of the light send/receive unit 1a (1b) when comparing with the case where the light emitting 
element 11a (11b) is positioned on the housing 10a (10b) so that the direction where its laser beam is emitted is parallel 
with the display screen 10, namely, with the scanning surface by the polygon mirror 16a (16b) and the case where the 
light receiving element 13a (13b) is positioned on the housing 10a (10b) so that the directivity of light receiving is 
parallel with the display screen 10, namely, the scanning surface by the polygon mirror 16a (16b). 
[0056] As mentioned above, in the optical scanning-type touch panel of the present invention, the light emitting 
element 11a (11b) ,s positioned so that the direction where its laser beam is emitted intersects perpendicularly to the 
scanning surface by the polygon mirror 16a (16b) and the light receiving element 13a (13b) is positioned so that the 
directivity of light receiving intersects perpendicularly to the scanning surface by the polygon mirror 16a (16b) but even 
when they are positioned so that the light emitting direction and the directivity intersect the scanning surface at an 
angle of 60°, for example, needless to say, the same effect can be obtained. 

[0057] As shown in FIG. 1 , the side of the recurrence reflection sheet 7 to which both the light send/receive units la 
and lb are arranged is an opening, and the recurrence reflection sheet 7 is arranged in "Lr-shaped form so as to 
surround the display screen 10. Further, as represented by the reference symbols 7a and 7b, portions where an angle 
in which a light is projected from both the light send/receive units 1 a and 1 b to the recurrence reflection sheet 7 becomes 
smaller, more specifically, portions of two sides intersecting perpendicularly to the side on which both the light send/ 
receive units la and 1b (the upper and lower sides in FIG. 1) are positioned which are far from both the light send/ 
receive units 1a and 1 b are provided with the recurrence reflection sheet 7 in sawtooth form. 
[0058] Due to sawtooth-shaped portions 7a and 7b of the recurrence reflection sheet 7, as the scanning of the pro- 
jected light from the light send/receive unit 1 b proceeds from the position Ps to a position P3 of one end of the sawtooth- 
shaped portion 7b of the recurrence reflection sheet 7, an angle in which the light enters the recurrence reflection sheet 
7 becomes smaller gradually. For this reason, a reflected light amount becomes smaller accordingly However since 
the light enters the recurrence reflection sheet 7 substantially at right angle to the sawtooth-shaped portion 7b during 
the scanning from the position P3 of one end of the sawtooth-shaped portion 7b of the recurrence reflection sheet 7 
to a position P4 of the other end of the sawtooth-shaped portion 7b, further lowering of a recursive reflection factor is 
avoided. 

[0059] FIG. 6 is a block diagram showing a relationship between the MPU 5 and another circuit. The polygon controller 

4 has a pulse motor 21 for rotating the polygon mirrors 16a and 16b, a pulse motor driver 22 for driving the pulse motor 
21 , and encoders 23a and 23b for detecting encode signals of rotating angles of the polygon mirrors 1 6a and 16b 
[0060] The MPU 5 transmits driving control signals to the light emitting element drivers 2a and 2b and the light 
emitting element drivers 2a and 2b are driven according to the driving control signals so that the light emitting operations 
of the light emitting elements 11a and 11b are controlled. The light receiving signal detectors 3a and 3b transmit light 
receiving signals of the reflected lights in the light receiving elements 1 3a and 1 3b to the MPU 5. Moreover, the MPU 

5 transmits a driving control signal for driving the pulse motor 21 to the pulse motor driver 22. The encoders 23a and 
23b detect the encode signals of rotating angles of the polygon mirrors 16a and 16b and transmits the encode signals 
to the MPU 5. The MPU 5 measures a position and size of the indicator S based on the light receiving signals from 
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the light receiving elements 13a and 13b and the encode signals from the encoders 23a and 23b, and displays the 
measured results on the display device 6. Here, the display screen 10 may serve also as the display device 6. 
[0061] In addition, the MPU 5 includes two timers (first timer 24a and second timer 24b) having a time counting 
function, a read only memory (ROM) 25 for storing information about sizes of supposed indicators thereinto and a 
random access memory (RAM) 26 into which writing is possible. 

[0062] The following describes an operation for detecting a position by means of the optical scanning-type touch 
panel of the present invention on reference with the schematic drawing of FIG. 7 showing its principle. However, in 
FIG. 7, components other than the light send/receive units 1a and lb, recurrence reflection sheet 7 and display screen 
10 are not shown. Moreover, FIG. 7 shows the case where a finger is used as the indicator. 

[0063] The MPU 5 controls the polygon controller 4 to rotate the polygon mirrors 1 6a and 1 6b in the light send/receive 
unit la and 1b and scans laser beams from the light emitting elements 11a and 11b angularly. As a result, the reflected 
light from the recurrence reflection sheet 7 enters the light receiving elements 1 3a and 1 3b. In such a manner a received 
light amount of the lights which entered the light receiving elements 13a and 13b is obtained as light receiving signals 
which are outputs of the light receiving signal detectors 3a and 3b. Here, in FIG. 7,. GO and $0 represent angles from 
reference lines connecting both the light send/receive units la and 1 b to the end portions of the recurrence reflection 
sheet 7, 61 and $1 represent angles from the reference lines to the end portions of the indicator on the reference line 
side, and 62 and $2 represent angles from the reference lines to the end portions of the indicator on the opposite side 
to the relerence line side. 

[0064] The timing charts of FIGS. 8A and 8B show waveforms of the light receiving signals in the light receiving 
elements 13a and 13b. When an indicator does riot exisl in the optical path of the scanning light, the reflected light 
from the recurrence reflection sheet 7 enters the light receiving elements 13a and 13b, and when an indicator exists 
on the optical path, the reflected light does not enter the light receiving elements 13a and 13b. Therefore, in the state 
shown in FIG. 7, the reflected light does not enter the light receiving element 13a in the range where the scanning 
angle is 0° to 00, and the reflected light enters the light receiving element 13a in the range, where the scanning angle 
is 90 to 01 , and the reflected light does not enter the light receiving element 1 3a in the range where the scanning angle - 
is 91 to 02. 

[0065] SimilaVly, the reflected light does not enter the light receiving element 13b in the range where the scanning 
angle is 0° to <{>0, and the reflected light enters the light receiving element 13b in the range where the scanning angle 
is <J>0 to (f)1 , and the reflected light does not enter the light receiving element 13b in the range where the scanning angle 
is <}> 1 to 02. Such angles can be obtained from the rise or fall timing of the light receiving signal (see FIGS. 8A and 8B). 
Therefore, the cut-off region by a human finger as the indicator can be obtained as' d0=92-91 and d0=4> 2-01 . 
[0066] Here, needlsss to say, 60 and $0 is known from a positional relationship between the reference lines con- 
necting the light send/receive units 1a and 1b and the end portions of the recurrence reflection sheet 7. 
[0067] The following describes the process for obtaining a coordinate of a central position (indicated position) of the 
indicator (finger in the present example) from the cut-off region obtained in such a manner. First, the description is 
given as to the conversion from an angle into an orthogonal coordinate based on the triangulation. As shown in FIG. 
9, the position of the light send/receive unit la is set as an origin 0, and the upper side and left side of the display screen 
1 0 is set as X axis and Y axis, a length of the reference line (distance between the light send/receive units 1 a and 1 b) 
is set as L. Moreover, the position of the light send/receive unit 1b is set as B. In the case where a central point P (Px, 
Py) on the display screen 10 indicated by the indicator is positioned at angles of 0 and $ from the light send/receive 
units la and 1 b with respect to the X axis, values of X coordinate Px and Y coordinate Py of the point P can be obtained 
according to the principle of the triangulation as represented by the following equations (1 ) and (2). 

Px=(tan <j>) + (tan 0 +tan (f>) X L (1) 

Py=(tan6 - tan4>)-^(tan0+tan<|))x L (2) 

[0068] Since the indicator (finger) has a size, in the case where the detecting angle at the timing of rise/fall of the 
detected light receiving signal is adopted, as shown in FIG. 10, four points (PI through P4 in FIG. 10) of the edge 
portion of the indicator (finger) S are detected. These four points are different from the indicated central point (Pc in 
FIG. 10). Therefore, a coordinate (Pcx, Pcy) of the central point Pc is obtained as follows. In the case where Px=Px 
(9, 0) and Py=Py(0, <})), Pcx'and Pcy can be represented the following equations (3) and (4). 

Pcx=Pcx(01+d0/2, <J)1+d<j>/2) (3) 
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Pcy=Pcy(G1+de/2, (j)1+d())/2) 



(4) 



10 



is 



20 



[0069] Therefore, when 61 +46/2 and 4.1^/2 represented by the equations (3) and (4) are substituted for 0 and <t> 
in the above equations (1 ) and (2), the coordinate of the indicated central point Pc can be obtained- 
[0070] In the aforementioned example, an average value of the angle is first obtained, the average value is substituted 
into he triangulate converting equations (1 ) and (2) so that the coordinate of the central point Pc which is the indicated 
position is obtained, but in another method, the orthogonal coordinates of the four points P1 through P4 are first obtained 
from the scanning angle according to the triangulation converting equations (1 ) and (2), and an average of the obtained 
. coordinate valuesof thefourpoints is calculated so that the coordinate of the central point Pecan be obtained Moreover 
considering parallax and easy viewing of the indicated position, the coordinate of the central point Pc which is the 
indicated position can be determined. 

[0071] When a scanning angular velocity of the rotation of the polygon mirrors 1 6a and 1 6b is constant the scanning 
angle is in proportion to the rotating time, so information about the scanning angle can be obtained by counting the 
time. FIG^ 11 is a timing chart showing a relationship between the light receiving signal from the light receiving signal 
detector 3a and the scanning angle 6 by the polygon mirror 1 6a and the scanning time T. In the case where the scanning 
angular velocity of the polygon mirror 16a is constant, when the scanning angular velocity is set as co, a proportional 
relationship between the scanning angle 6 and the scanning time T represented by the following equation (5) holds. 

6=<oxT (5) 

[0072] Therefore, the angles 81 and 62 at the time of the rise and fall of the light receiving signal is related to the 
scanning time t1 and t2 by the following equations (6) and (7) 

ei=wxti ( S ) 

30 62=<oXt2 ( 7 ) 

[0073] Therefore, in the case where the scanning angular velocity of the poVgon mirrors. 16a and 16b is constant 
^ lo 9 '° n coordinate position of ,ne indicator ( fir >9er) can be measured by using the time information ' 
« . T u f ' 0W ° hart Sh0Wing ° ne example of al 9° rilhm ^e MPU 5 when the time interval al which the 

reflected light is ,n low level is measured by using the first timer 24a and second timer 24b included in the MPU 5 The 
MPU 5 detects a change in the light receiving signals from the light receiving signal detectors 3a and 3b, and when 
the level of the light receiving signals is lowered, actuates the timers 24a and 24b to start the time counting operation 
and when the level is returned, stops the timers 24a and 24b to end the time counting operation 
l ^J!l 5 f ' rSt ° heCkS 3 ° nan9e in ,he li9ht receiving si 9 nals from ,he h 9 ht receivi "9 ^9^1 detectors 3a and 

vcof 2! J ^ 968 35 ,0 Whe1heF ° r n0 ' ,he m receiving si9nal f rom tne «9ht receiving signal detector 3a is changed 
«o? 'J? k T D M e c SI9 , na ' iS 001 Chan9Sd {W 91 S2) ' ,ne sequence 9° es 10 S6 - When ,h * signal is changed ("YES- at 
c,V ' 968 3S 10 WhSther ° r n0t the ' evel ° f the lignt recejving si 9 nal is low ( S3 )- When the level is low 

L MPU 5 3CtUateS thS f ' rSt timSr 243 (S4) ' and Wnen ,he level is ni 9 h (" N0 " 31 S3 ). st °P s first timer 

24a (S5) to carry the process to S6. At S6, the MPU 5 judges as to whether or not the light receiving signal from the 
ight receiving signal detector 3b is changed. When the signal is not changed ("NO" at S6), the sequence is returned 
When the signal is changed ("YES" at S6), the MPU 5 judges as to whether or not the level of the light receiving signal 

!! hTh fl- ^Zl h V e Zn l° W ( " YES " 31 S7) ' the MPU 5 aC,Uat6S ,he second ,imer 24b < S8 )' and whe n the level 
is high ( NO at S7), the MPU 5 stops the second timer 24b (S9) and the sequence is returned 

[0076] In addition, in the optical scanning-type touch panel of the present invention, a cross-section length of the 
indicator can be obtained from the measured cutoff region. FIG. 13 is a schematic diagram showing the principle of 
cross-section length measurement. In FIG. 13, D1 and D2 represents cross section lengths of the indicator S viewed 
from the Ught send/receive units la and 1b. First, distances OPc (r1) and BPc (r2) from positions 0 (0, 0) and B (L 0) 
of the ight send/receive units 1a and 1b to the central point Pc (Pcx, Pcy) of the indicator S are obtained according to 
the following equations (8) and (9). B 
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0Pc=r1=(Pcx 2 +Pcy 2 ) 1/2 (8) 
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BPc=r2={(L-Pcx) 2 +Pcy 2 } 1/2 (9) 

[0077] Since the cross-section length can be approximated by a product of the distance and a sine value of a cut- 
off angle, the respective cross-section lengths D1 and D2 can be measured according to the following equations (10) 
and (11). 

Dl=2rl • sin (d d /2) 

= 2 (Pcx 2 +Pcy 2 ) 1/2 * sin(d0/2) (10) 

D2=2r2 • sin (d 0/2) ' 
=2{(L-Pcx) 2 +Pcy 2 } 1/2 • sin(d<f>/2) . •••(11) 

[0078] In the case where 9, <Jf=0, since approximation can be performed such that sin d0=d6^an d9 and sin d<t>=dct>= 
tan d$, in the equations (10) and (11), sin d6 and sin d<f> may be replaced respectively by d0 or tan dBand d((> or tan dt(>. 
[0079] When a position is specified by one finger or pen, a plurality of fingers, hand or elbow occasionally touch the 
display screen 10 falsely. In this case, it is necessary to perform a process of error detection. Therefore, in the present 
invention, information about a size of the indicator is obtained from the measured cross-section length, and a judgment 
can be made as to what the indicator is based on the obtained size information. FIG. 14 is a flow chart showing one 
example of algorithm for judging a type of the indicator. By comparing the actually calculated indicator size information 
with information about sizes of plural indicators previously supposed, a type of the indicator is judged. When the judg- 
ment is made that the indicator is other than one finger or pen, an alarm flag is turned on. Here, as mentioned above, 
the information about sizes of ptura! indicators supposed is previously stored in the ROM 25 and RAM 26 included in 
the MPU 5. 

[0080] First, the MPU 5 obtains information about a size of current indicator (S11) and judges as to whether or not 
the size is 10 cm or less (S12). When the size is larger than 10 cm ("NO" at S12), the MPU 5 judges that the indicator 
is a hand (S 1 6) and turns on the alarm flag (S21 ), and the sequence is returned. When the size is 1 0 cm or less ("YES" 
at S12), the MPU 5 judges as to whether or not the size is 5 cm or less (SI 3). When the size is larger than 5 cm ("NO" 
at Si 3), the MPU 5 judges that the indicator is a clenched fist or elbow (S17) and turns the alarm flag on (S21 ), and 
the sequence is returned. When the size is 5 cm or less ("YES" at S13), the MPU 5 judges as to whether or not the 
size is 2 cm or less (S14). When the size is larger than 2 cm ("NO" at S14), the MPU 5 judges that the indicator is a 
plurality of fingers which are bundled (S1 8) and turns on the alarm flag (S21 ), and the sequence is returned. When the 
size is 2 cm or less ("YES" at S1 4), the MPU 5 judges as to whether or not the size is 0.5 cm or less (SI 5). When the 
size is larger than 0.5 cm ("NO" at S1 5), the MPU 5 judges that the indicator is one finger (S1 9), and when the size is 
0.5 cm or less ("YES" at Si 5), judges that the indicator is a pen (S20), and the sequence is returned. 
[0081] A type of the indicator is judged in such a manner, and when it is found that the indicator for specifying a 
position is other than one finger or pen, the alarm flag is turned on and the flag information .is transmitted from the MPU 
5 to the display device 6. When the flag information is transmitted, detected position data to be transmitted from the 
MPU 5 to the display device 6 is made to be invalid, and a warning mark is displayed on the screen of the display 
device 6. Moreover, an arrangement such that a result of judging a type is displayed on the display device 6 is also 
possible. 

[0082] Here, an arrangement such that when the alarm flag is turned on, a buzzer is beeped may be realized. More- 
over, as another method of making detected position data invalid, when an indicator other than one finger or pen is 
judged, rt is possible to control detected position data so that they are not outpirrted from the MPU 5 to the display 
device 6. 

(Second Embodiment) 

[0083] FIG. 1 5 is a schematic diagram showing a basic constitution of the optica! scanning-type touch panel according 
to the second embodiment of the present invention, and FIG. 16 is a block diagram of the second embodiment. In 
FIGS. 15 and 16, parts represented by the same reference numerals as those in FIGS. 1 and 6 are the same members. 
Here, in FIG. 15, the light emitting element drivers 2a and 2b, light receiving signal detectors 3a and 3b, polygon 
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controller 4 and display device 6 are omitted. ' ' n 

. [0084] In the second embodiment, in order to detect a scanning region on the display screen 1 0, two light receiving 
elements 31a and 32a for detecting timing are provided for the light send/receive unit 1a, and two light receiving 
elements 31 b and 32b for detecting timing are provided for the light send/receive unit 1 b so- that they are extremely 
close to the display screen 10. Here, light receiving surfaces of the light receiving elements 31a and 32a face the side 
of the light send/receive unit 1a, and light receiving surfaces of the light receiving elements 31b and 32b face the side 
of the light send/receive unit 1b. 

[0085] In addition, light receiving signal detectors 33a, 34a, 33b and 34b for converting a received light amount of 
the light receiving elements 31a, 32a, 31b and 32b into electric signals are provided. The polygon controller 4 in the 
second embodiment does not have the encoders 23a and 23b in the first embodiment, so the polygon controller 4 is 
composed of the pulse motor 21 and pulse motor driver 22. 

[0086] Just before the scanning goes to the scanning region to be detected, laser beams from the light send/receive 
units 1 a and 1b enter the light receiving elements 31a and 31b for detecting timing positioned on the upper stream 
side of the scanning direction, and just after the scanning goes out of the scanning region to be detected, the laser 
beams from the light send/receive units 1 a and 1 b enter the light receiving elements 32a and 32b for detecting timing 
positioned on the lower stream side of the scanning direction. 

[0087] As mentioned above, in the second embodiment, position detecting start and end timings are determined by 
a pair of the light receiving elements, and the scanning angle of the laser beams can be detected even without the 
encoders 23a and 23b of the first embodiment. 

[0088] FIGS. 17A - 17E are liming charts for explaining the operation of the optical scanning-type touch panel ac- 
cording to the second embodiment, FIG. 17A shows the light emitting operation of the light emitting element 11a of the 
light send/receive unit la, FIG. 1 7B shows a light receiving signal of the light receiving signal detector 33a representing 
a received light amount in the light receiving element 31 a for detecting timing positioned on the upper stream side of 
the scanning direction, FIG. 17C shows a light receiving signal of the light receiving signal detector 3a representing a 
received light amount in the light receiving clement 13a of the light send/receiving unit 1a, FIG. 17D shows a light 
receiving signal of the light receiving signal detector 34a representing a received light amount in the light receiving 
element 32a for detecting timing position on the lower stream side of the scanning direction, and FIG. 17E shows the 
time counting operation of the timer included in the MPU 5. 

[0089] A time tO is a timing at which the power source is turned on and the polygon mirror 1 6a starts rotating, a time 
tl is a timing at which the light emitting operation of the light emitting element 11a is started, a time t2 is a timing at 
which receiving of a laser beam by the light receiving element 31 a is ended, and a time t3 is a timing at which receiving 
of a laser beam by the light receiving element 32a is started. The time t2 and time t3 are respectively timings of scanning 
start and scanning end, and the light receiving level of the light receiving element 13a becomes high at the time t2, 
and the level becomes low at the time t3. Moreover, the timer starts the counting at the time t2 and ends the counting 
at the time t3. A time t4 is a timing at which the light receiving level of the light receiving element 13a falls due to the 
indicator, and a time t5 is a timing at which the laser beam goes through the cut-off region and thus the light receiving 
level of the light receiving element 1 3a rises. 

[0090] The light emitting element 11a is driven with the rotation of the polygon mirror 16a being constant, a timing 
at which the laser beam scanned by the light send/receive unit la reaches a region to be detected is detected at the 
light receiving timing (time t2) in the light receiving element 31a, and a timing at which the scanned laser beam goes 
out of the region to be detected is detected as the light receiving timing (time 13) in the light receiving element 32a. 
Since the positions where the light receiving elements 31a and 32a are provided are known, the position of the indicator 
such as a finger and pen which shields the scanned laser beam can be also measured between the positions where 
the light receiving elements 31a and 32a are provided. Namely, in FIG. 17, between the time t2 and time t3, the cut- 
off region and the central position of the indicator can be measured from a count value of the timer from the timing 
(time t4) at which the light receiving level of the light receiving element 13a falls to the timing (time t5) at which the 
light receiving level rises. 

[0091] Here, the processing operation on the side of the light send/receive unit 1 b is the same as that on the side of 
the light send/receive unit la mentioned above, so the description thereof is omitted. 

(Third Embodiment) 

[0092] FIG. 18 is a drawing showing the basic constitution of the optical scanning-type touch panel according to the 
third embodiment of the present invention. In FIG. 18, parts represented by the same reference numerals as FIG. 1 
are the same members. Here, the light emitting element drivers 2a and 2b, light receiving signal detectors 3a and 3b, 
polygon controller 4, MPU 5 and display device 6 are omitted. 

[0093] In the third embodiment, in order to detect a scanning region on the display screen, two recursive reflectors 
41a and 42a for detecting timing are provided for the fight send/receive unit 1a, and two recursive reflectors 41b and 
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42b for detecting timing are provided for the light send/receive unit 1b so that they are extremely close to the display 
screen 10. These recursive reflectors 41a, 42a, 41b and 42b are composed of the same material as the recurrence 
reflection sheet 7. 

[0094] Just before the scanning enters the scanning region to be detected, laser beams from the light receiving units 

5 la and 1b are reflected by the recursive reflectors 41a and 41b for detecting timing positioned on the upper stream 
side of the scanning direction and the reflected lights enter the light receiving elements 13a and 1 3b, and just after the 
scanning goes out of the scanning region to be detected, the laser beams from the light send/receive units 1a and lb 
are reflected by the recursive reflectors 42a and 42b for detecting timing positioned on the lower stream side of the 
scanning direction and the reflected lights enter the light receiving elements 13a and 13b. - 

io [0095] As mentioned above, in the third embodiment, the position detecting start and end timing is determined by a 
pair of the recursive reflectors, and thus the scanning direction of the laser beam can be detected even without the 
encoders 23a and 23b of the first embodiment. At this time, since the recursive reflectors 41a, 41b, 42a and 42b are 
provided so as to be close to the light send/receive units 1a and 1 b, attenuation of the reflected lights therelrom is less 
than the reflected light from the recurrence reflection sheet 7, and the light receiving level in the light receiving elements 

75 13a and 13b becomes high. 

[0096] FIG. 19 is a block diagram of the third embodiment. Reference numeral 43 represents a first comparator for 
detecting shielding, and it compares a level of a receiving signal from the light receiving signal detector 3a representing 
a received light amount in the light receiving element 1 3a with a first threshold level to output the compared result to 
the MPU 5 in the form of a binary signal. Reference numeral 44 represents a second comparator for detecting scanning 

20 slart/end, and il compares the level of the receiving signal from the light receiving signal detector 3a with a second 
threshold level which is higher than the first threshold level to output the compared result to the MPU 5 in the form of 
a binary signal. 

[0097] FIGS. 20A - 20C are timing charts for explaining the operation of the third embodiment, FIG. 20A shows a 
receiving signal from the light receiving signal detector 3a representing a received light amount in the light receiving 
2B clement 1 3a, FIG. 20B shows an output signal of the first comparator 43, and FIG. 20C shows an output signal of the 
second comparator 44. Moreover, a broken line W1 represents the first threshold level, and a broken line W2 represents 
the second threshold level. 

[0098] A time tO is a timing at which light receiving of a reflected light from the recursive reflector 41a Is started, a 

time tl is a timing at which the light receiving of the reflected light from the recursive reflector 41a is ended and light 
30 receiving of a reflected light from the recurrence reflection sheet 7 is started, a time t2 is a timing at which the light 

receiving of the reflected light from the recurrence reflection sheet,7 is ended and light receiving of a reflected light 

from the recursive reflector 42a is started, and a time t3 is a timing at which the light receiving of the reflected light 
' from the recursive reflector 42a is ended. Moreover, a time t4 is a timing at which the light receiving level of the light 

receiving element 1 3a falls due to the indicator, and a time t5 is a timing at which a scanning laser beam goes through 
35 the cut-off region and the light receiving level of the light receiving element 13a rises. The time t1 and time t2 are 

respectively the scanning start timing and scanning end timing. These timings are detected based on the result of 

comparing the level of the light receiving signal with the first threshold level W1 and the second threshold level W2. 
• [0099] Here, the description was given as to the processing operation on the side of the light send/receive unit la, 

but since the processing operation on the side of the light send/receive unit 1b is the same as that on the side of the 
^0 light send/receive unit la, the description thereof is omitted. 

[0100] In the aforementioned example, the reflected lights from the recursive reflectors 41a, 41b, 42a and 42b are 
. distinguished from the reflected light from the recurrence reflection sheet 7 according to a difference in the attenuation 

of light due to a difference in distance, but the reflectance of the recursive reflectors 41a, 42a, 41 b and 42b is set higher 

than the reflectance of the recurrence reflection sheet 7 so that these reflected lights can be distinguished more clearly. 
45 [01 01] In the third embodiment, by checking a change in a received light amount in the light receiving elements 1 3a 

and 1 3b, reference signals of the scanning start timing and scanning end timing can be generated, and resolution can 

be kept constant without increasing detecting elements. 

(Fourth Embodiment) 

50 

[0102] FIG. 21 A is a plan view showing the basic configuration of the optical scanning-type touch panel according 
to the fourth embodiment of the present invention, and FIG. 21 B is a cross-sectional view taken along line A-A' of FIG. 
21 A. In FIGS. 21 A and 21 B, parts represented by the same reference numerals as FIG. 1 are the same members. 
Here, the light emitting element drivers 2a and 2b, light receiving signal detectors 3a and 3b, polygon controller 4, MPU 
•55 5 and display device 6 are omitted. 

[01 03] In the fourth embodiment, a canopy-shaped shielding body 51 is provided on the outside of the display screen 
10 up to a position where a visual field of the display screen 10 is not disturbed so as to cover the recurrence reflection 
sheet 7. As a result, a cut-off impossible region D where the indicator such as a finger cannot enter is formed between 
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the canopy-shaped shielding body 51 and the recurrence reflection sheet 7. According to this constitution, even if the 
indicator exists in any position including the edge portion of the display screen 1 0, the light receiving timing of a reflected 
light from the cut-off impossible region D can be a reference timing of scanning start/end. 

[0104] Reference symbol P in FIG. 21 B represents a cross section of a laser beam projected from the light send/ 
s receive unit 1a. As shown here, in the optical scanning-type touch panel of the present invention, laser beams projected 
from the light send/receive units 1a and 1b have an elliptical cross section which is flat in a direction parallel with the 
surface of the display screen 10 (scanning direction), for example, in which the direction parallel with the surface of 
the display screen 10 is a longitudinal axis. The reason for this is the constitution of the recurrence reflection sheet 7. 
[0105] FIGS. 22A is a schematic diagram showing a constitution of the reflecting surface side of the recurrence 
10 reflection sheet 7. As shown here, the reflecting surface of the recurrence reflection sheet 7 is constituted such that a 
lot of spherical lenses 700 are arranged in the direction parallel with the surface of the display screen 10, namely, in 
the scanning direction of the laser beam, and since these spherical lenses 700 have a relationship between an angle 
of incidence and relative reflectance shown in FIG. 22B : in the case where a width of the scanning direction of the 
laser beams projected from the light send/receive units 1a and lb is not larger than a certain degree, an effectinq 

ts reflected light amount cannot be obtained. 

[0106] However, in the case where the spherical lenses 700 of the recurrence reflection sheet 7 are enough small 
on the contrary, the width ot the scanning direction of the laser beam is reduced so that the resolution can be heightened' 
However, also in this case, since it is necessary to enlarge a sectional area of the laser beam in order to obtain sufficient 
reflected light amount, it is desirable to use a laser beam having a flat section in which the width of t a direction which 

20 intersects perpendicularly to the scanning direction (direction which intersects perpendicularly lo the surface of the 
display screen 10) is large. 

[0107] FIGS. 23A - 23D are timing charts showing an example of a receiving signal from the light receiving signal 
detector 3a representing a received light amount in the light receiving element 1 3a in the fourth embodiment. 
[0108] FIG. 23A represents a receiving signal in the case where the indicator does not exist FIG. 23B represents a 

25 receiving signal in the case where the indicator exists in the edge portion of the display screen 10 (region C1 in FIG. 
21 A) : FIG. 23C represents a receiving signal in the case where the indicator exists in the central portion of the display 
screen 10 (region C2 in FIG. 21 A), and FIG. 23D represents a receiving signal in the case where the indicator exists 
in the edge portion of the display screen 10 (region C3 in FIG. 21 A). Even in the case where the indicator exists in the 
edge portion of the display screen 10, the receiving signal has the rise, and fall certainly. Since the process operation 

so on the side of the light send/receive unit 1 b having the light receiving element 1 3b is the same as that on the side of 
the light send/receive unit la having the light receiving element 13a, the description thereof is omitted. 
[0109] Moreover, when the canopy-shaped shielding body 51 described in the fourth embodiment is provided an 
effect such that a component of a irregularly reflected light from the recurrence reflection sheet 7 is reduced and an 
effect such that entrance of a reflected light of disturbance light into the light receiving elements 1 3a and 1 3b is reduced 
can be expected. 

(Fifth Embodiment) 

[0110] FIG. 24 is a block "diagram of the optical scanning-type touch panel according to the fifth embodiment of the 
present invention. In FIG. 24, The same parts as FIGS. 6 and 16 are represented by the same reference numerals 
and the description thereof is omitted. AC couplings 61a and 61b are provided between the light receiving element 13 
and the light receiving signal detector 3a and between the light receiving element 1 3b and the. light receiving signal 
detector 3b. Moreover, XOR (exclusive OR) circuits 62a and 62b are provided between the light emitting element driver 
2a and the light receiving signal detector 3a and between the light emitting element driver 2b and the light receivinq 
signal detector 3b. y 

[0111] In the fifth embodiment, since receiving signals of the reflected lights detected in the light receiving elements 
1 3a and 1 3b are AC-coupled so that a fixed light component is eliminated, a constitution which is strong against dis- 
turbance noises can be realized. Moreover, since XOR (exclusive OR) of a light emitting pulse signal and a receiving 
signal of a reflected light is taken, a receiving pulse signal only of the cut-off region can be detected, and this pulse 
signal is counted so that the cutoff time can be measured. 

[0112] FIGS. 25A - 25E are timing charts for explaining the operation of the fifth embodiment, FIG. 25A represents 
a receiving signal of the light receiving signal detector 33a representing a received light amount of the light receiving 
element 3la for detecting timing positioned on the upper stream side of the scanning direction, FIG. 25B represents 
a receiving signal of the light receiving signal detector 34a representing a received light amount of the light receiving 
element 32a for detecting a timing positioned on the lower stream side ol the scanning direction, FIG/25C represents 
light emitting pulse signal of the light emitting element 11a, FIG. 25D represents a receiving signal of the light receiving 
signal detector 3a representing a received light amount of the light receiving element 13a, and FIG 25E represents 
an output signal of the XOR circuit 62a. 
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[0113] The scanning start timing is detected according to a high level of the receiving signal of the light receiving 
signal detector 33a and pulse driving is started and a number of its pulses is counted. Moreover, the scanning end 
timing is detected according to a high level of the receiving signal of the light receiving signal detector 34a and pulse 
driving is stopped. By counting a number of pulses of the output signal of the XOR circuit 62a, the cutoff region can 
be measured. 

[0114] For example, in the case where the display screen 10 is about 40 inches diagonal, the diagonal line is 100 
cm. When the resolution on the screen is about 0.5 era necessary angular resolution is obtained according to the 
equation of FIG. 9. The angular resolution at the center of screen is about 5 mrad. Here, in the case where a pentagonal 
polygon mirror is used, the maximum scanning angle becomes 1 44*. Therefore, a number of divisions for one scanning 
is obtained according to the following equation (12). 

{(7i/2)/0.005) X <144/90)=502 (12) 

The lowest frequency for detection of 200 points for 1 sec. is obtained according to the following equation (13). 

502 X 200= 100400(Hz):r1 00.4 (kHz) (13) 

If this condition is satisfied, a number of pulses can be cope with the scanning angle in the ratio of 1:1, so the angle 
detecting process with desired resolution can be simplified. 

[0115] Next, the description is given as to control of pulse emission of the light emitting elements 11a and 11b. When 
a blank time of a pulse of a driving control signal to be transmitted 1rom the MPU 5 to the light emitting element drivers 
2a and 2b is controlled, average radiant energy from the light emitting elements 11a and 11b can be reduced. FIGS. 
26A and 26B are timing charts representing a timing signal of the pulse emission, in the example shown in FIG. 26A, 
the blank time is longer than that in the example shown in FIG. 26B. Moreover, FIGS. 27A and 27B show states that 
scanning laser beams are radiated in the respective pulse patterns of FIGS. 26A and 26B. When the blank time of the 
pulse emission is lengthened, a duty ratio is lowered, and thus the average radiant energy can be reduced. 
[0116] In addition, FIGS. 28A - 28C show timing charts of another control example in which the average radiant 
energy of the pulse emission in the light emitting elements 11a and lib can be reduced. FIG. 28A shows a timing 
signal of the pulse emission in the standard state. FIG. 28B is an example that the emission time for once is reduced 
without changing a period. Moreover, FIG. 28C is an example that the emission strength for once is reduced without 
changing a period. 

[0117] The following describes the control example that a timing at which the pulse emission in the light emitting 
elements 11a and 11 b is started is staggered on reference with the timing charts of FIGS. 29A and 29B. For example, 
the first laser beam scanning is performed at a timing shown in FIG. 29A, and next laser beam scanning is performed 
at a timing such that the period is the same but the start timing is delayed from the previous one only by dT as shown 
in FIG. 29B. FIG. 30 shows synthesized state that the scanning laser beams in the respective pulse patterns of FIGS. 
29A and 29B are radiated. Since the radiation is delayed by dT, in the case where the scanning angular velocity by 
the polygon mirror is co : the scanning angle which is delayed by'd8=<o - dT can be realized. When such delay of the 
timing is set, even i1 the laser beam scanning becomes sparse, a region where the indicator cannot be detected is 
eliminated and high detecting accuracy can be maintained. 

[0118] Next, the description will be given as to an example of control in which the frequency of scanning pulse is 
varied dynamically according to presence/non-presence of the indicator. While the presence ol the indicator is not 
detected within a predetermined time, the frequency of the scanning pulse is reduced to 1/2 with the emission time 
being maintained constant. Meanwhile, when the indicator is detected, the frequency of the scanning pulse is increased 
twice with the emission time being kept constant. When this control is repeated, a duty ratio of emission is decreased 
to 1/2 and increased twice according to the presence/non-presence ol the indicator. However, the minimum frequency 
of the scanning pulse is 6.25 kHz corresponding to the minimum resolution of 8 cm, and the maximum frequency is 
200 kHz corresponding to the minimum resolution of 0.25 cm. The frequency of the scanning pulse is set not to exceed 
the minimum frequency and maximum frequency. 

[0119] FIG. 31 is a flowchart showing algorithm for controlling the frequency of the scanning pulse. First, a judgment 
is made as to whether or not the indicator is detected within a predetermined time (S31 ). When the indicator is detected 
("YES" at S31), the frequency of the current scanning pulse is increased twice with the emission time being kept 
constant (S32), and the sequence goes to S34. Meanwhile, when the indicator is not detected ("NO" at S31), the 
frequency of the current scanning pulse is decreased to 1/2 with the emission time being kept constant (S33), and the 
sequence goes to S34. A judgment is made as to whether or not the frequency after the change is lower than 6.25 
kHz (S34). When the frequency is lower than 6.25 kHz ("YES" at S34), the frequency is set to 6.25 kHz (S36) and the 
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sequence « returned. When the frequency is not less than 6.25 kHz ("NO" at S34), a judgment is made as to whether 
° r ,h e jrequency ° han9e iS hi9hSr ,han 200 kH? (S35) - When ,he '^ency is higher than 200 kHz ("YES" 

SS-S^S! V* ,0 200 kHz (S37) ' and the sequence is re1urned When the frequencv is n0t ™ *™ 

200 khz ( NO at S35), the sequence is directly returned. 

[0120] By the aforementioned control of the pulse emission in the light emitting elements 11a and 11b required 
detection resolution can be achieved and the low power consumption can be realized in the optical scanning-type touch 
panel of the present invention. * 

[0121] The common constitution of the aforementioned embodiments is that the light send/receive units 1a and lb 

mSTTi T 9 ? f ^ "I* ° f diSP ' ay SCre6n 10 31 3 CSrtain ' M The reason tor this " described bJow 
[0122] It is generally known that ma triangulation as a reference line for a measurement is longer, the accuracy is 

ZX e ,^r,r r ' ',' ,hat I" 0386 Wh6re 3n ° bjeC ' t0 be mea£Ured is extremelv ,a ' ° r extremely close an 
error becomes large. In the case where an objectto be measured is extremely far, the accuracy is improved by enlarging 
the reference line, and on the contrary in the case where an object to be measured is extremely close the accuracy 
of 3h°«lf " f ?IT 9 , r6,erenCe ' ine - ' n ° PtiCal scannin 9-'yR e touch panel of the present invention, in view 
?Z 1 1 h- ,r, f n9Ula,IOn < the re,erence line connectin 9 the Bflht send/receive units 1 a and 1 b is separated 
from the side of the display screen 10 to some degree, and since it is not necessary to make a measurement on a 
.position farther than the display screen 10, the light send/recerve units 1 a and 1 b are arranged along the short s de of 
the display screen 1 0 in order to improve the accuracy ol measurement on the closer position 
[0123] A d,stance d between the reference line connecting the light send/receive units 1a and 1b and one side of 

SS^ilSr Sh0M S ' de °' ^ diSP ' ay SCreSn 10 ^ ^ eXamP ' e) 15 56150 ,hal lhe 
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[0124] Here, 



30 



de : accuracy of measurement 

6: detecting accuracy- (5 mm in the present example) 
L: reference line length (distance between both the light send/ receive units) 

[0125] When din the equation (14) is changed, the following equation (15) holds. 
35 d£d6 XL 2 /48 (15) 

[0126] In the optical scanning-type touch panel of the present invention, the detecting accuracy 8 is about 5 mm the 
reference line length L is about 500 mm, and the accuracy of measurement d9 is determined by a scanning angu ar 
4Q velocity co and a clock obtained by AD-corwerting the receiving signal (dft=« • dT) so as to be about 2 5 millLian in 

on ilT^nuf h- , 3 r6SUlt ' SUrtab ' e Va ' Ue ° f d iS ab ° Ut 1 ° mm H0Wever ' needless t0 sa * this ^lue depends 
m^remenl L tequS ^ ^ ^ * » ^ ^ *** ^ *«»" « the ^ " 

fe !™L^ IT* 0 "? a T 6 ' ^ ° P,iCal scannin 9- tv P e ,ouch f»nel of the present invention, a reflecting efficiency 
4s is improved by providing the sawtooth-shaped portions 7a and 7b on the portions which are far from the light send/ 
receive unrts a and 1b and where the angle at which the projected light enters the recurrence reflection sheet 7 
becomes small. However, the distance from both the light send/receive units 1a and lb to the recurrence reflection ' 

Tr, h 7H 15 h !° n f ■ J r6CUrrence reflec,ion sneet 7 has the aforementioned sawtooth-shaped portions 7a 
and 7b and a bent portion. For these reasons, a received light amount of the light receiving elements 13a and 13b 

50 t h ?r m C ,° nStan1 H ° WeVer ' " iS deSirablS f0r ,he subse °^nt signal process that a received lighl amount of 

1 power coTu'mp^ 

[01 1 28] In view of these points, the description will be given as io a configuration which makes a recerved light amount 
of the light receiving elements 1 3a and 1 3b constant. 

55 Ihp^l J" 3 ,, 32 1 3 b ' 0CK dia9ram Sh ° Win9 an exam P |e ° f the constitution for controlling the emission strength from 
he light emitting element 11a (lib) in orderto control a received light amount of the light receding element 13a (13b) 
to be constant. More specifically the emission strength from the light emitting element na (lib) is set to be small a 
the scanning angle at which a reflected light amount is large, and set to be large at the scanning angle at which a 
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reflected light amount is smalL 

[0130] In FIG. 32, a signal which accords with an amount of the reflected light received by the light receiving element 
13a (13b) is converted into a digital signal by the light receiving signal detector 3a (3b) to be inputted to the MPU 5. 
The MPU 5 compares the value of the digital signal inputted Irom the light receiving signal detector 3a (3b) with a 
threshold value previously set, and. when the value of the digital signal inputted from the light receiving signal detector 
3a (3b) is larger than the threshold value, the MPU 5 outputs a control signal CS which decreases the emission strength 
of the light emitting element 11a (11 b), whereas when the value of the digital signal inputted from the light receiving 
signal detector 3a (3b) is smaller than the threshold value, outputs a control signal CS. which increases the emission 
strength of the light emitting element 11a (11b). 

[0131] Since the control signal CS outputted f rom the MPU 5 is a digital signal, it is converted into an analog driving 
signal DC by a current conversion circuit 51a (51b) and the analog driving signal DC is supplied to a stable current 
circuit 52a (52b) to be stable therein, and the light emitting element 11a (11b) emits a light. The current conversion 
circuit 51a (51b) and stable current circuit 52a (52b) compose a driving circuit 50a (50b) of the light emitting element 
11a (11b). 

[0132] As mentioned above, the MPU 5 always controls the emission strength of the light emitting element 11a (lib) 
so that a received light amount of the light receiving element 13a (13b) obtain a prescribed value. 
[0133] FIG. 33 is a block diagram showing another example of the constitution which controls the emission strength 
of the light emitting element Ha (lib). In this example of the constitution, the MPU 5 outputs a control signal CS to 
control the driving circuit 50a (50b), and thus controls the emission strength of the light emitting element 11a (11 b). 
This is the same as the aforementioned example. However, although a received light amount in the light receiving 
signal detector 3a (3b) is monitored and feedback control is made in the aforementioned example of the constitution, 
the light emission strength of the light emitting element 11 a (1 1 b) is controlled according to a rotation angle synchronous 
signal AS generated by a rotation angle synchronous signal generation circuit 49a (49b) of the polygon mirror 16a 
(16b) in this example of the constitution. 

[01 34] More specifically, the MPU 5 reads the rotation angle synchronous signal AS generated by the rotation angle 
synchronous signal generation circuit 49a (49b) as shown in the timing chart of FIG. 34. The MPU 5 outputs the control 
signal CS which increases the emission strength of the light emitting element 11a (11b) during a period of an angle at 
which a portion far from the light send/receive units la and lb is scanned. The MPU 5 outputs the control signal CS 
which decreases the emission strength of the light emitting element 11a (11b) during a period of an angle at which a 
portion close to the light send/receive units 1 a and 1 b is scanned. According to such control by the MPU 5, the emission 
strength of the light emitting element 1 1a (1 1 b) is controlled so that a light emitting amount of the light receiving element 
13a (1 3b) obtains a substantially constant value. 
- [01 35] Instead of the above-mentioned constitution for controlling the emission strength of the light emitting element 
11a (11b), a constitution for amplifying a light receiving amount of the light receiving element 13a (13b) is possible. 
FIG. 35 is a block diagram showing an example of the constitution in this case. 

[0136] In this example of the constitution, a signal (analog signal) of a received light amount of the light receiving 
element 13a (13b) is amplified by an amplifier 53a (53b) to be supplied to the light receiving signal detector 3a (3b). 
Here, an amplification factor of the amplifier 53a (53b) can be controlled by supplying a control signal CS1 from the 
MPU 5. Moreover, a rotation angle synchronous signal SA generated by the rotation angle synchronous signal gener- 
ation circuit 49a (49b) is also supplied to the MPU 5. 

[0137] In such a constitution, similarly to the constitution shown in FIG. 34, the MPU 5 reads the rotation angle 
synchronous signal AS generated by the rotation angle synchronous signal generation circuit 49a (49b). The MPU 5 
outputs a control signal, CS1 which increases the amplification factor of the amplifier 53a (53b) during a period of an 
angle at which a portion far from the light send/receive units la and 1b is scanned, and the MPU 5 outputs a control 
signal CSl which decreases the amplification factor of the amplifier 53a (53b) during a period of an angle at which a 
portion close to the light send/receive units la and lb is scanned. According to such control by the MPU 5, the level 
of the light receiving signal inputted to the light receiving signal detector 3a (3b) obtains a substantially constant value. 
[0138] In the above-mentioned example of the constitution shown in FIGS. 33 and 35, the emission strength of the 
light emitting element 11a (lib) or the amplification factor of the amplifier 53a (53b) is controlled by using the compar- 
atively simple pattern shown in FIG. 34, but an actual reflected light amount of the light receiving element 13a (13b) 
is monitored in the state that the indicator S does not exist on the display screen 10, correspondence of the reflected 
light amount with the rotation angle of the polygon mirror 16a (16b) is patterned to be stored previously, and the stored 
pattern is compared with an actual received light amount of the light receiving element 13a (1 3b) so that the indicator 
S may be detected by obtaining information about this difference. 

[01 39] FIG. 36 is a block diagram showing an example of such a constitution. In FIG. 36, a received light amount of - 
the light receiving element 1 3a (1 3b) is converted into a digital signal by the light receiving signal detector 3a (3b). The 
MPU 5 synchronizes the converted result by the light receiving signal detector 3a (3b) with the rotation angle synchro- 
nous signal AS generated by the rotation angle synchronous signal generation circuit 49a (49b) and stores it into a 
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received light amount pattern memory 54. As the received light amount pattern memory 54, the RAM 26 shown in FIG 
6 may be used. 

[01 40] In such a constitution, on a basis of the rotation angle synchronous signal AS generated by the rotation angle 
synchronous signal generation circuit 49a (49b), digital data of a received light amount during one scanning of the light 
5 receiving element 1 3a (1 3b) are obtained as the received light amount pattern, and the obtained received light amount 
pattern is stored in the received light amount pattern memory 54. Therefore, in the state that the indicator S does not 
exist on the display screen 10, such as the case where the power source of the optical scanning-type touch panel of 
the present invention is turned on, the received light amount pattern is stored in the received light amount pattern 
memory 54, and a received light amount of the light receiving element 1 3a (1 3b) thereafter is compared with the data 
digitized in the light receiving signal detector 3a (3b) so that a difference is detected. As a result, the presence of the 
indicator S can be detected. 

[01 41] Further, a constitution shown in FIG. 37 can be adopted. In the example of the constitution similarly to the 
above-mentioned example, in the state that the indicator S does not exist on the display screen 10 such as the case 
where the power source of the optical scanning-type touch panel of the presenl invention is lurned on the received 
light amount pattern is stored in the received light amount pattern memory 54. A received light amount thereafter of 
the light receiving element 1 3a (1 3b) is given to a comparator 55a (55b), and the MPU 5 converts data of the received 
light amount pattern stored in the received light amount pattern memory 54 into an analog signal by means of a D/A 
convener 56a (55b) to supply the analog signal to the comparator 55a (55b). As a result, the comparator 55a (55b) 
compares with the light receiving signal from the light receiving element 13a (13b) with the signal, which is obtained 
by converting the data of the received light amount pattern read from the received light amount pattern memory 54 
into the analog signal, and its difference is inputted into the MPU 5. 

[0142] Therefore, the MPU 5 can detect the presence of the indicator S according to the difference signal supplied 
from the comparator 55a (55b). . rr 

[01 43] In the optical scanning-type touch panel of the present invention, as mentioned above, there is a scanning ■ 
angle at which a reflected light amount from the recurrence reflection sheet 7 is small, but this problem can bo solved 
by adopting the aforementioned method of controlling the emission strength of the light emitting elements 11 a and 11 b 
However, due to the problem of safety, the emission strength of the light emitting elements 11a and 11b cannot be 
occasionally increased. Therefore, the description will be given as to the case where the emission strength of the light 
emitting elements 11a and 1 1 b is switched.between the normal state and the state where the normal emission strength 
is reduced to about 1/2. a 

[0144] In addition, as shown in FIG. 2, in the light send/receive unit 1a (1b) of the optical scanning-type touch panel 
of the present invention, there is a timing where a laser beam projected from the light emitting element 11a (11b) is 
reflected from the polygon mirror 1 6a (1 6b) to enter the light receiving element 1 3a (1 3b) directly. Since special means 
for detecting the start of scanning is not required by utilizing this timing, the cost can be reduced 
[0145] More specifically, since the intensity of the scanning light entering the light receiving element 1 3a (1 3b) directly 
is high, two or more comparing means whose comparing levels are different are prepared and an output of the light 
receiving element 1 3a (1 3b) is compared, the output of the compared resuft from the comparing means whose level- 
is comparatively high is utilized as the scanning start signal. In order to measure the time at which the scanning light 
is cut off, time measuring means in which the scanning start signal is used as a start trigger of the time measurement 
is provided. In another method, the output of the light receiving element 13a (13b) is compared and the time meas- 
urement is started according to the output of the compared result from the comparing means whose level is compar- 
atively low. y 

[01 45] Since a change in the scanning speed causes an error, to eliminate this is an important problem In order to 
eliminate an influence of the change in the scanning speed, means for measuring an interval of the scanning start 
signal is provided, and the cut-off time of the scanning light is corrected on the basis of the measured interval so that 
an error is eliminated. 

[0147] More concrete explanation will be given below. FIG. 38 shows a block diagram showing the configuration of 
the driving circuit 50a (50b) of the light emitting element 11a (lib). The driving circuit 50a (50b) is composed of a driver 
50H for high-level driving, a driver 50L for low-level driving and a switch 50S. An ON/OFF signal from the MPU 5 is 
supphed to the drivers 50H and 50L, and a emission strength switching signal SS is supplied to the switch 50S Ac- 
cording to this constitution, the ON/OFF operation of a driving current in the light emitting element 11a (lib) and two- 
step switching of the emission strength are controlled. The constitution shown in FIG. 33 can be realized by a known 
circuit. ' 

[0148] FIGS. 39A and 39B are waveform charts for explaining examples of an increase in a margin (improvement 
of the S/N ratio) by switching the emission strength. FIG. 39A represents a level of the receiving signal of the light 
receiving element 13a (13b) in the case where the scanning is always performed with the same emission strength 
without switching the emission strength of the light emitting element 11a (1 1 b), and FIG. 39B represents a level of »h 3 
receiving signal of the light receiving element 1 3a (1 3b) in the case where the scanning is performed with the emission 
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strength of the light emitting element 11a (lib) being switched in two steps by the aforementioned constitution. 
[0149] In the case of FIG. 39A where the emission strength is not switched, a reflected light amount from the recur- 
rence reflection sheet 7 is lowered gradually and rises. Here, a portion where the level is lowered greatly at the. central 
portion is a waveform due to the indicator S. Attention should be paid to that the level of the received light signal of 
the light receiving element 1 3a (1 3b) is lowered due to the indicator S, but a margin M1 with respect to the level "0" is 
extremely small (the S/N ratio is deteriorated). 

[0150] Meanwhile, in the case of FIG. 39B where the emission strength is switched, similarly to FIG. 39A a reflected 
light amount from the recurrence reflection sheet 7 is lowered gradually and rises, but a section represented by LI up 
toa portion where the reflected light amount is lowered most is scanned by the driver SOL for low-level driving, a section 
represented by H where the reflected light amount is lowered most is scanned by the driver 50H for high-level driving, 
and a section represented by L2 is scanned by the driver SOL for low-level driving. Therefore, in the case where the 
indicator S exists in the section represented by H where the reflected light amount is lowered most but which is scanned 
by the driver 50H for high-level driving, the level is lowered to the substantially same degree as FIG. 39A in high level 
of the received light signal scanned by the driver 50H for high-level driving. However, attention should be paid to that 
a margin M2 with respect to the level "0" when the level of the received light signal is lowered due to the indicator S is 
considerably large in comparison with the case of FIG. 39A (the Srtsl ratio is excellent). 

[0151] FIG. 40 is a block diagram showing an example of the constitution of the light receiving signal detector 3a 
(3b). After the light receiving signal from the light receiving element 13a (13b) is amplified by an amplifier 57 of the 
light receiving signal detector 3a (3b), the amplified signal is supplied to two comparators 58H and 58L. These com- 
parators 58H and 58L have different comparing criteria. The comparator 58H has a comparatively high reference 
voltage VH, and its output is supplied to MPU 5 as a scanning start signal SSS. Meanwhile, the comparator 58H has 
a comparatively low reference voltage VL, and its output is supplied to the MPU as a scanning cut-off detecting signal 
SCS. 

[01 52] As mentioned above and as shown in FIG. 2, in the optical scanning-type touch panel of the present invention, 
the arrangement of the light send/receive units 1a and lb provides a timing at which the respective scanning lights 
enter directly to the light receiving elements 1 3a and 13b without going through the recurrence reflection sheet 7 at 
the time of starting the scanning, Therefore, as shown in the timing chart of the level of the light receiving signal in 
FIG. 41 A, when the optical scanning is performed by rotating the polygon mirrors 1 6a and 1 6b, an incident light amount 
in the case where the scanning lights are reflected by the polygon mirrors 16a and 1 6b to enter directly the light receiving 
elements 13a and 13b is almost 80% of the projected light amount from the light emitting elements 11a and 11b. 
[0153] On the contrary, as shown in FIG, 41(A), in the case where the scanning lights are once reflected by the 
recurrence reflection sheet 7 to enter the light receiving elements 1 3a and 1 3b, the incident light amount is almost 30% 
of the projected light amount from the light emitting elements 11a and 11b. From these view points, when the reference 
voltage VH in the comparator 58H is set to a value between 80% and 30% of the projected light amount from the light 
emitting elements 11a and 11b, a threshold value TH shown in FIG. 41 A is set. For this reason, when a portion where 
the level is higher than the threshold value TH is detected, as shown in FIG. 41 B, the projected lights from the light 
emitting elements lla and lib are reflected by the polygon mirrors 16a and 16b, and the directly reflected lights can be 
obtained as the scanning start signal. 

[0154] FIG. 42 is a block diagram of an example of the constitution of a time setAime measuring section ol one 
scanning cut-off time measuring system. In this example, three timers for time measurement (first measurement timer 
59a, second measurement timer 59b, third measurement timer 59c) and two timers for setting time (first setting timer 
59d, second setting timer 59e) are provided, and the MPU 5 makes control such as reading the measuring time and 
setting time on the respective timers. 

[01 55] The scanning start signal SSS is inputted to the first measurement timer 59a, and interval time of the scanning 
start signal SSS is measured therein. The optical scanning cut-off detection signal SCS is inputted to the second 
measurement timer 59b and the third measurement timer 59c, and non-cut-otf time and cut-off time are measured 
therein. The outputs of the first setting timer 59d and second setting timer 59e are, as shown in FIG. 38, supplied to 
the driving circuit 50a (50b) to become the emission strength switching signal SS. 

[0156] FIGS. 43A - 43C are timing charts showing a time relationship of the timing of one optical scanning. Here, in 
principle, various measurements are performed by the optical scanning-type touch panel of the present invention by 
using tx (x=1 , 2 *••). but tx' or tx" can be substituted. 

(1) Scanning start period (measurement: tl) 

[0157] In order to correct a change in rotation of the polygon mirrors 16a and 16b, i.e., of the motor for rotating them, 
a period of one optical scanning is measured. One of tl , tl ' and tl " may be measured. 

11: time of L-level of the scanning start signal SSS 
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tl': time of one period of the scanning start signal SSS 

tl •: time from start to end of reflection of the scanning l.ght by the recurrence reflection sheet 7 
(2) Position of the indicator S (measurement: 12) 

Zyl ^Z U ° m ^ ° f ° P,iCal SCannln9 10 the ^ «* S is measured. One of t2 and 

» £SS f Start ° f ^ ref ' eCti0n ° f »** b * the — action sheet 7 to the position o, 

t2': time from the scanning start signal SSS to the position of the indicator S 

(3) Width of the indicator S (measurement: t3) 

» [0159] /he time of the wiolh of the indicator Sis measured. One of t3,t3^ and t3^^^ 
t3: time for which the scanning light is shielded by the indicator S 

13": liine Ifofn Ihe scanning Stan signal SSS lothe endol Ihe ligh! shisldrig by ihe indcalor s 

(4) Laser power up (output: t4) 

as a trigger to the rise of the power scanning light by the recurrence reflection sheet 7 

(5) Laser power down (output: 15) 

LTLIa^^ 

Is'- ft™! ' na8SU,Bmem °' 14 time 85 8 ,ri " er ,0 ,he fa " * the Power 

^^JESS^ST " ^ ° f ref ' eC,i0n ° f ^ ' i9hl * *° — —ion 

t5": t,me from the star, of measurement o, the scanning start signal SSS as a trigger to the fall of power 

[0162] ^""hangeinthero.^^ ' 

(1) Time from the start of scanning to the detection of the indicator S 
[0163] 

■ ' ■■ t2(t2')/tl(tl'ortr)xk(k: constant) 

(2) Time of the width of the indicator S 
[0164] 

t3((t3'-t2) or (t3"-t2')/t1(tr or tl") Xk (k: constant) 
[01 6S] as mentioned above, in the optica, scanning-type touch pane, o, the present invention, various time informa- 
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tion can be obtained without using special detection means tor detecting the start of scanning, and the cutoff region 
due to the indicator S, a size of the indicator S, etc. can be obtained from the information. 

(Sixth Embodiment) 

5 

[0166] FIG. 44 is a schematic diagram showing the internal constitution and optical path of the light send/receive 
units la and 1b in the optical scanning-type touch panel according to the sixth embodiment of the present invention. 
Here, the whole constitution of the sixth embodiment is the same as that in FIG. 1. Moreover, in FIG. 44, the same 
parts as FIG. 2 are represented by the same reference numerals. 

io [01 67] The reference numerals 1 9a and 1 9b are beam splitters for guiding parallel lights from the collimating lenses 
12a and 12b to the polygon mirrors 16a and 16b and for guiding the reflected lights from the polygon mirrors 16a and 
16b to the light receiving elements 13a and 13b. Moreover, the reference numerals 18a and 18b are light receiving 
elements for timing detection, they determine a timing of a synchronous signal by receiving scanned laser beams from 
the polygon mirrors 16a and 16b at the time of the start of one scanning, and are utilized for generating information 

75 for correction of the rotating speed of the polygon mirrors 16a and 16b. 

[0168] The laser beams emitted from the light emitting elements 11a and lib are made to be parallel lights by the 
collimating lenses 12a and 12b, and after they pass through openings (aperture) 193a and 193b (see FIG. 47) of the 
beam splitters 19a and 19b, mentioned later, they are scanned angularly by the rotation of the polygon mirrors 16a 
and 1 6b in a plane which is substantially parallel with the display screen 1 0 to be projected onto the recurrence reflection 

20 sheet 7. Then, afler the reflected lights from the recurrence reflection sheet 7 are reflected by the polygon mirrors 16a 
and 16b and beam splitters 19a and 19b, they pass through the visible light cut filters 14a and 14b to enter the light 
receiving elements 13a and 13b. 

[0169] The optical path from the light emitting elements lla and lib to the polygon mirrors 16a and 16b is the same 
as the optical path from the polygon mirrors 16a and 16b to the light receiving elements 1 3a and 13b, and in the case 
25 where a light isolator such as a half mirror is arranged in the midway of the optical path, since the lights which are 
received from the light emitting elements 11a and 11b directly to the light receiving elements 13a and 13b exist, the 
lights become noises and thus they possibly influence the measured, results, but in the sixth embodiment, since the 
beam splitters 19a and 1 9b as the light isolator are provided, this does not occur. 

[0170] In the optical scanning-type touch panel of the sixth embodiment, as for the light send/receive unit 1b, for 
so example, the projected light from the light send/receive unit 1b is scanned from a position where it enters the light 
receiving element 18b for timing detection through a position where it is shielded by the light shielding member 70 in 
the counterclockwise direction in FIG. 1, and. the projected light reaches the position (Ps) where it is reflected by the 
point of the recurrence reflection sheet 7 and comes to the scanning start position. The light is reflected by the recur- 
rence reflection sheet 7 until it comes to the position (P1) of the one end of the indicator S, but the light is cut off by 
35 the indicator S until it comes' to the position (P2) of the other end of the indicator S, and the light is reflected by the 
recurrence reflection sheet 7 until it comes to the scanning end position (Pe). 

[0171] FIGS. 45 and 46 are a plane view and a side view of the light send/receive unit 1a (1b) in the optical scanning- 
type touch panel of the sixth embodiment. In FIGS. 45 and 46, the same parts as FIGS. 3 and 4 are represented by 
the same numerals. The colltmating lens 12a (12b) is arranged between the light emitting element 11a (lib) and the 
40 prism mirror 17a (17b), and the visible light cut filter 14a (14b) is arranged between the beam splitter 19a (19b) and 
the light receiving element 13a (13b). 

[0172] FIG. 47 is a side view showing a concrete constitution of the beam splitter 19a (1 9b). A reflector 190a (1 90b) 
of the beam splitter 19a (19b) is formed on a V-shaped side cross section so that its reflecting surface 191a (191b) 
which faces the polygon mirror 16a (16b) (hereinafter, referred to as a main reflecting surface) makes an angle of 45° 
45 and its reflecting surlace 1 92a (1 92b) which faces the prism mirror 1 7a (1 7b) (hereinafter, referred to as a sub reflecting 
surface) makes an angle of other than 45° (about 50° in the example shown in FIG. 47) with respect to the optical path 
of a laser beam between the prism mirror 17a (17b) and the polygon mirror 16a (16b). 

[0173] The reflector 190a (190b) has an opening 193a (193b), in the optical path of a laser beam between the prism 
mirror 17a (17b) and the polygon mirror 16a (16b), which makes an angle of 45° with respect to the main reflecting 

so surface 191a (191b). A diameter of the opening 1 93a (193b) is about 1 mm in this example. 

[0174] According to the above constitution of the light send/receive unit 1a (1b), the laser beam emitted from the 
light emitting element 11a (11b) is made to be parallel light by the collimating lens 12a (12b), and the light is refracted 
by the prism mirror 17a (17b) and passes through the opening 193a (193b) of the beam splitter 19a (19b) and is 
reflected by the polygon mirror 16a (16b) to be projected onto the recurrence reflection' sheet 7. 

55 [01 75] A part of the laser beam which does not pass through the opening 1 93a (1 93b) is reflected by the sub reflecting 
surface 192a (192b) of the beam splitter 19a (19b). At this time, since the sub reflecting surface 192a (192b) is posi- 
tioned at an angle of other than 45° with respect to an optical axis of the laser beam projected from the prism mirror 
17a (1 7b), even it the reflected laser beam from the sub reflecting surface 1 92a (1 92b) is reflected by a top surface of 
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Hf.p'VI' 8 3 If? K 139 ^ Sh ° Win9 an 6Xamp,e 01 the constitution of the light receding signal detector 3a 

Ja and 1 8a (1 3b and 1 8b) are converted into a voltage signal by a current/voltage (l/V) converter 80a Ibom -nZ 
voltage s,gnal outputled from the current/voltage converter 80a (80b) passes through a low oasl filer T» nil I 
.nputted from an amplifier 82a (82b) to one input terminal of a comparator 8^ (83b) as TsS oZ d I T 
output of the comparator 63a (83b) is inputted to a firs, timer 84a (84 t £ 'ofTflS SoTTS^ 
inputted to the MPU 5. The output of the amplifier 82a (82b) is supplied also to an c^^SS^iSf H 
converted into a d,grta, signal to be inputted to the MPU 5. The digSa, signal output Z the MPU 5 fs conveld 

second timer 89a (89b), and its output is inputted to the MPU 5 Here the threshed va 2 Tfortmi ' i * 

SSg^ocs" 9 " ' C ° nS '"" i ° n °' '" e " n9 S ' 9 " al 38 <*)■ »• «">< 5 <» pert™ , he 

one scanning from the signal inputted from the A/D converter 86a (86b) 9 9 9 

[0182] Meanwhile, the MPU 5 outputs a digital signal to the D/A converter 85a (85b) which converts it info an 3 n a ,™ 

continuous time of the outputs "1 ■ and "0" from the comparator 83a (83b) ( > ^ * 

^SK'Zi 8 " 1Sb f , en,er dirSC,ly m r6C6iVin9 6,ementS ,0f ™* ^'-.t 1 8a a d 8 9 
Smenr^ 

elements 13a and 13b. A received Ugh. amount of the lights, which enter the light receiving elements 18a and 18b for 
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timing detection and the light receiving elements 13a and 13b in such a manner, is obtained as light receiving signals 
which are the outputs of the light receiving signal detectors 3a and 3b. 

10185] In FIG. 50, 900 and $00 represent an angle between a reference line connecting the light send/receive units 
1a and 1b and the light receiving elements for timing detection 18a and 18b, 60 and $0 represent an angle between 
the reference line connecting the light send/receive units 1a and lb and the end portion of the recurrence reflection 
sheet 7, 01 and $1 represent an angle between the reference line and the end portion of the indicator on the reference 
line side, and 62 and <J>2 represent an angle between the reference line and the end portion of the indicator which is 
opposite to the reference line side. 

[0186] FIGS. 51 A and 51 B show a waveform of the light receiving signal (FIG. 51 A) from the light receiving element 
13a (13b) and the light receiving element for timing detection 18a (18b), and a waveform of the comparison output 
signal from the comparator 83a (83b) (FIG. 51 B) in the case where the indicator S does not exist. 
[01 87] In this case, the light receiving element fortiming detection 1 8a (1 8b) receives a light directly from the polygon 
mirror 16a (16b) at the scanning angle 600 (<f>00). This state is detected as a timing at which the output signal of the 
comparator 88a (88b) is changed from "0" to "1", and its period is counted by the second timer 89a (89b). As a result, 
since the MPU 5 can monitor a rotating period of the polygon mirror 16a (16b), the rotation of the pulse motor 21 which 
rotates the polygon mirror 16a (16b) is corrected by controlling the polygon controller 4 as the need arises. 
[0188] In the case where the polygon mirror 16a (16b) has lour surfaces, namely, regular polygon shape like the 
present embodiment, the polygon mirror 16a (16b) rotates by 1/4 during one period which is counted by the second 
timer 89a (89b). 

[01 89] t Ihe case where the indicator S does not exist on the optical path of the scanning light the light enters direclly 
the light receiving element for timing detection 18a (18b) and the reflected light from the recurrence reflection sheet 7 
enters the light receiving element 13a (13b) at the timing 600 ($00) shown in FIG. 51 A. As shown in FIG. 51 A, an 
amount of the reflected light from the recurrence reflection sheet 7 becomes maximum at the first angle of 00 ($0) 
because the reflected light from the portion of the recurrence reflection sheet 7 which is the most closest is received 
at this angle, and the amount is decreased thereafter gradually The amount of the reflected light becomes minimum 
once at the corner portion in the diagonal direction of the recurrence reflection sheet 7 which is the farthest, and 
thereafter the amount is increased gradually until an angle of 90°, and the scanning for one period is ended. 
[0190] The MPU 5 takes an incident light amount to the light receiving element 13a (1 3b) for at least one period from 
the A/D converter 86a (86b) as a digital signal, and obtains a minimum value (lowest voltage). Next, the MPU 5 adds 
a predetermined value (margin voltage) to the obtained minimum value and outputs a digital value of this result to the 
D/A converter 85a (85b). The D/A converter 85a (85b) converts the digital signal outputted from the MPU 5 into an 
analog signal, and sets it as a threshold value (reference voltage Ref) for comparison output by the comparator 83a 
(83b). 

[0191] The aforementioned margin voltage may be previously set to a suitable value according to Ihe light receiving 
characteristic of the light receiving element 1 3a (1 3b) and the reflecting characteristic of the recurrence reflection sheet 
7, but the lowest value of the reflected light amount from the recurrence reflection sheet 7, more specifically, a voltage, 
which is obtained from the reflected light Irom the corner portion in the diagonal direction of the recurrence reflection 
sheet 7 which is the farthest, is also detected, and the margin voltage can be set to a value between the obtained 
voltage and the lowest voltage such as a value of 1/2. 

[01 92] As mentioned above, in the optical scanning-type touch panel of the seventh embodiment, since the threshold 
value (reference voltage Ref) of the comparator 83a (83b) is set based on the lowest voltage which is obtained from 
a light receiving amount of the light receiving element 13a (13b) in at least one scanning, an influence of a change in 
sensitivity of the light receiving element 13a (13b) due to a change in temperature, etc. is eliminated and thus more 
accurate detection can be performed. 

[0193] In the above example, the reference voltage Ref of the comparator 83a (83b) is set for one scanning, but 
needless to say it may be set Irom the results of scanning plura! times. 

[0194] When the threshold value (reference voltage Ref) is set in the comparator 83a (83b) as mentioned above, 
the MPU 5 counts a time for which the output signal of the comparator 83a (83b) is "1 ", namely, the voltage of the input 
signal to the comparator 83a (83b) is not less than the reference voltage. In the case where the function is normal, the 
output "1 " for comparatively short time due to the incident light to. the light receiving element for timing detection 18a 
(18b) and the output M 1 M for comparatively long time due to the reflected light from the recurrence reflection sheet 7 
are obtained as output signals of the comparator 83a (83b). However, since the output "1" for comparatively short time 
due to the incident light to the light receiving element for timing detection 18a (1 8b) is synchronized with the counting 
period by the second timer 89a (89b), as shown in FIG. 51 (B), the MPU 5 stores only the continuous time of the output 
"1 U for comparatively long time due to the reflected light from the recurrence reflection sheet 7 into the RAM 26 as a 
reference time RT 

[0195] The MPU 5 performs the aforementioned initializing process at the time of actuation in the case where the 
indicator S does not exist on the display screen 10 or at a predetermined timing such as a timing where a prescribed 
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instruction is given from thG outside. 

\mm figs" Jpa^'S Pr °? eSS iS COmP ' eted ' ° P,iCal scannin 9"type touch panel can be used actually. 
Sments 13a an nl L flTT'" 9 ^ ° f ,he li9ht rSCeivin9 si9nals in the W receiving 

m^BM?ZX£? ° f ,,rnin9 de ' eC,i0n 183 18b feCeWe li9h,s djrecl| y from 1he PoV9on 

mirro s 16a and 16b at the scanning angles of 600 and 4,00. As a result, the signals oulputted from the light receivino 

signal detectors ,3a and 3b are used for correcting the rotation of th.po(yflonmL. 168^166,^^.^2? 

Z J nlT ' I 0 ' 31 ? POly9 ° n mirr ° rS 168 3nd 16b - ln ,he P resent the polygon mirrors 

6a and 6b have a regular polygon shape with four surfaces, when the light receiving elements for Ling detec tion 
o 8a and 18b output signals four times, the polygon mirrors 16a and 16b routes fully once 

S ',h Ih f ,K 3Se Wh6re indiC8t0r S 6XiStS ° n ,he display screen 1 °' when the indi ^tor S does not exist on the 
optica path of the scanning lights from the light send/receive units la and 1b, the reflected lights from the recurrence 

TSSSSZT* I' ' i9ht r6CeiVin9 6lemen,S 1 33 3nd 1 *' and When ,he indica) " S « oS path 

^tJ^T' ^ State Sh ° Wn in FIG ' 5a the reflSC,ed "S" 1 does not en,er the W receiving element 1 3a 

3b be Zn ZZT" 9 T 01 °° ,0 80 ( °° 10 60) ' ,he refleC,6d lj 9 h ' en,erS the " 9ht living e.emen, 1 3a 
( 3b) between the scann.ng angles ot 60 to 61 (60 to 61), and the reflected light does not enter the Mqht receivino 
e emen, 13a 03b) between the scanning ang.es o, 61 to 62 (61 to 62). Such angles can be o^ SZ rZl 

11° T r h / J' 9 reC6iVin9 Si9nal (SeS RGS - 52A and 52B) - Therefore ' ,he cu ^'< region due to a n™ 
finger as the .ndicator Scan be obtained as d6=62-61 and d^ = l (,2-())1 an 

[0200] Next, a coordinate of the central position (hdicated position) of the indicator S (finger in the present examole) 

fnl"^ SeCt, ° n l! n9,h °» the indiC9t0r S «^ " the ' — ple) are obtained /rom the cu.Xeg o ob S 
m such a manner. The process for obtaining the coordinate and cross section length is the same as that in The first 
embedment (sec FIGS. 9 through , 3), so the description thereof is omitted 

K FiG 5 53 u and 536 are f, ° W ChartS ShOWin9 al90rithm for the P rocess ° f the 'i9ht receiving process bv the 
MPU 5 based on the counted value of the firs, timer 84a (84b). FIGS. 54A and 54B show a wavefo^of thS light 

8a n Z1Z f T^r li9h ' reCSh/in9 e ' emem 1 33 0 3b) a " d ' i9ht reC «*» el — ^ «^g detec 
Si?, T c ( (B)) ° f com P ariso " o ut P u ' «i9nal from the comparator 83a (83b) in the case 

where the two indicators Sexist on the display screen 10. 

[0202] First when the scanning lighl enters directly the light receiving element for timing detection 18a (18b) one 
from^ 

from 1 to 0 ( YES at S42). a counter value C of the counter 27 is cleared to "0" (S43). However in the case where 

^TS? Ts^^r* 0 ,he li9ht receivin9 si9nal from ,he li9ht rec * ivin9 ^^ss 

i to u ( nu at S42) ( YES at S81 ), an error process is performed (SB2) 

n ?, hc « ref ' eC,ed "ft ,r ° m ,he reCUrrenCe refleCtbn sheel 7 starts to enter ^ 'i9ht receiving element 1 3a 
(13b), he |,ght receivmg signal from the light receiving element 13a (13b) is changed from V to "1" ("YES" at S44? 
so the first timer 84a (84b) starts the time counting (S45), and the counter i is initialized to "1 - (S46) Here the time 

' IZTXT fjrS ' T 848 (84b) " ,C - H0WSVer ' in ,hS CaSe Where ,he P-determined time passes ('YES" a! 
fh ' T , w T™ 9 S ' 9nal ' r0m ,he ' i9ht reCSiVin9 element 1 33 V 3b > not bein 9 'rom "0" to "1" ("NO at S44 namefv 

pr^r^s^,:^ reflection " eet 7 not emerin9 the ,i9ht rece,vin9 eiem - ^ = 

J herea,,er ' ,he case wnere the indi ^or S does not exist on the display screen 10, the light receiving signal 
of the light receding element 1 3a (1 3b) does no, change, so the process goes .0 "NO" a. S47 and goes to W at S48 
Then, a judgment ,s made as ,0 whether or no, the time counting value ,c of the first timer 84a (84b) reaches the 

zz^zss^z r t in the previous ini,ia,izin9 process (ss2) - when ,he 

goes .0 S61 6nCe tre ' ( " YES " 81 S52) ' ° ne SCannin9 iS com P |e,ed 50 thal ^ P^ess 

[0205] However, in the case where the indicator S exists on the display screen 10, the light receiving signal of the 
hgh receivmg element 13a (13b) is normally changed from "1 " .0 "0" and from "0" to "1") until the time counC va ue 
c of the firs, t,mer.84a (84b) reaches the reference time tref. More specifically, when the ««annlnfl^^.£SS! 
the indicator S, the light receiving signal of the light receiving element 13a(1 3b) is first changed f rom "1 "10 "0^ ("YES 
at S47),ln ,h,s case, as shown in FIG. 54, the counter value C o, the counter 27 is increased by "1" (S49) and the 
time counting va^e tc of the first timer 84a (84b) at this time is stored in the RAM 26 as data ,i (H at first) (SSoJ 
S Therea,1er : ,he COun,er is increased b y " 1 " (S51). and since the time counting value tc of the firs timer 84a 

225? 7 m 3 ref6renCe ,lmS n0rma " y ( " N0 " at S52) ' ,hS prOCSSS is return6d lo S47. The light Pee ving 
signal o, the light receivmg element 1 3a (13b) is changed from "0" ,0 "1 ") ("NO" at S47 and "YES" a, S48) In thl cale ' 
the „me counting, value tc o, the first timer 84a (84b) a, this time is stored in the RAM 26 as data ti 02 fo seco d timej 
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(S50). Thereafter, the counter i is increased by "1" (S51), and since the time counting value tc of the first timer 84a 
(84b) does not reach the reference time tref normally, the process is returned to S47. 

[0207] Since a number of indicator S is normally one, the time counting value tc of the first timer 84a (84b) reaches 
the reference time tref and the process goes to S61 . However, in the case where a plurality of the indicators S exist 
on the display screen 10, the aforementioned process is repeated so that a counter value C of the counter 27 shows 
not less than 2 and 3 or more data ti of the time counting value tc of the first timer 84a (84b) can be obtained. . 
[0208] When the time counting value tc of the first timer 84a (84b) reaches the reference time tref, the counter value 
C of the counter 27 is first checked (S61 ). As mentioned above, since a number of the indicator existing on the display 
screen 10 is normally one, the counter value C of the counter 27 is "I" ('YES" at S61), and the value of the counter i 
is W 2 M ("YES" at S62). In this case, the aforementioned calculation of coordinate is made (S63). However, as shown in 
FIG. 54, in the case where the counter value C of the counter 27 is not "1 " ("NO" at S61 , this case includes the case 
where the indicator S does not exist on the display screen 10) or in the case where the counter i does not show "2" 
("N0 W at S62, this case includes the case where the indicators does not exist on the display screen 10), the calculation 
of coordinate is not made and the process is returned to S41 . 

[0209] The aforementioned process eliminates an influence due to the ambient temperature of the light receiving 
element 13a (13b), and in the case where one indicator S on the display screen 10 is detected, the calculation of 
coordinate is made based on an actual rotational speed of the polygon mirror 16a (16b). Therefore, in the case where 
a plurality of indicators S on the display screen 10 are detected and thus the accurate calculation of coordinate cannot 
be made, the calculation of coordinate is not performed so that useless confusion is avoided. However, since in most 
cases such a slate is continued for extremely short lime, there arises no practical problem. In the case where the slate 
that the calculation of coordinate is not made is continued for the time not less than some degree, it is needless to say 
that any error message is displayed. 

[0210] That the cross section length of the indicator S can be obtained in the aforementioned manner means that in 
the case where a character is written on the display screen 10 by using a pen, for example, a thickness of a line to be 
changed subtly and an ink mark such as blur can be reproduced. In order to do so, it is necessary to scan a laser beam 
on a position as close as possible to. the surface of the display screen 10. In other words, in the case where a laser 
beam is scanned on a position separated from the surface of the display screen 10 to not less than certain degree, a 
portion where a thickness of the point of a pen is not changed is detected. 

[0211] From this viewpoint, when the inventors of the present application made tests by using various pens on the 
market, it was found that the laser beam should be scanned on a position which is separated up to 5 mm from the 
surface of the display screen 10, preferably a position which is separated up to 3 mm therefrom. Moreover, it was found 
that the width of the laser beam used at this time is desirably not more than 1/2 of the height (size in the direction 
perpendicular to the surface of the display screen 10) from the viewpoint of the resolution. 

[021 2] The aforementioned tests are made by the inventors of the present application using pens on the market, but 
they are not limited to them, so it is needless to say that in the case where tools having the same characteristics, 
namely, whose a touch area on the surface is changed according to the strength of a pen stroke, or tools exclusive for 
the optical scanning-type touch panel of the present invention which are modeled on a pen are used, the same effect 
can be obtained, ..." 

(Seventh Embodiment)' " • " • 

[0213] FIGS. 55 and 56 show example of the constitution of the light send/receive unit la (1b) in the optical scanning- 
type touch panel according to the seventh embodiment of the present invention, and FIG. 56 is a cross sectional view 
taken, along a line of an arrow A-A of FIG. 55. 

[0214] In the light send/receive unit la (lb) of the seventh embodiment, the light emitting element 11 a (lib), light 
receiving element 13a (13b), beam splitter 19a (19b) and polygon mirror I6a,(i6b) are arranged in a position lower 
than the display screen 10, and the polygon mirror 16a (16b) is arranged so that its rotational axis becomes parallel 
with the display screen 10. Moreover, the optical path between the light emitting element 11a (lib) and the beam 
splitter 19a (19b) is arranged so as to intersect perpendicularly to the rotational axis of the polygon mirror 16a (16b) 
and be parallel with the display screen 10. Further, the reflecting mirror 20a (20b) is arranged between the polygon 
mirror 16a (16b) and the display screen 10 so that its surface makes an angle of 45° with the surface of the display 
screen 10. 

[0215] In such a constitution, the laser beam reflected from the light emitting element 11a (11b) passes through the 
beam splitter 19a (19b) to be scanned by the polygon mirror 16a (16b) in a plane which intersects perpendicularly to 
the display screen 10, and the laser beam is scanned by the reflecting mirror 20a (20b) in a plane which is parallel 
with the surface of the display screen 1 0. Moreover, the reflected tight from the recurrence reflection sheet 7 is reflected 
by the surface of the reflecting mirror 20a (20b) which intersects perpendicularly to the surface of the display screen 
10, and after the reflected light is reflected by the polygon mirror 16a (16b) and the beam splitter 1 9a (19b), the reflected 
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light enters the light receiving element 1 3a (1 3b). 

[021 6] Such a constitution of the light send/receive unit 1 a (1 b) according to the seventh embodiment shown in FIGS 
56 and 57 is effective in miniaturizing the light send/receive unit 1a (1b) when a flat disc-shaped motor is used as the 
pulse motor 21a (21b). 

[0217] Finally, the description will be given as to a number of surfaces of the polygon mirrors 16a and 16b in the 
optical scanning-type touch panel of the present invention. As mentioned above, in order to perform a triangulation on 
the display screen 10 from the two light send/receive units la and lb, scanning at the respective angle of at least 90° 
is required. From such a viewpoint, a relationship between a number of surfaces and a size of the polygon mirrors 1 6a 
and 16b in the case where the scanning at the angle of 90° is performed on the display screen 10 is shown in the graph 
of FIG. 57. It is needless to say that the polygon mirrors 16a and 16b have a regular polygon shape. When considering 
this result and the size of the display screen 10 of the present example, the size of the polygon mirrors 16a and 16b 
which can be provided actually to the light send/receive units 1a and lb is about 30 to 40 mm, so it is preferable that 
the polygon mirrors 1 6a and 1 6b have three to six surfaces. 

[0218] As described in detail above, in an optical scanningtype touch panel embodying the present invention since 
the cut-off region of the scanning light caused by the indicator is measured, a correct indicated position considering a 
size of the indicator can be detected accurately and a type of the indicator is judged so that defective detection due 
to an object other than a predetermined indicator can be prevented. 

[021 9] in addition, in an optical scanning-type touch panel embodying the present invention, since the arrangement 
of the light emitting element and light receiving element is considered so that the scanning light from the optical scanning 
element is not shielded by a component of the light emitting element and light receiving element, the scanning light 
from the optical scanning element is scanned sufficiently in the direction of a scanning region. 
[0220] Further, in an optical scanning-type touch panel embodying the present invention, since the arrangement of 
the light emitting element and light receiving element is considered so that the emission direction of the light emitting 
element intersects the scanning surface by the optical scanning element, and so that the directivity of the light receiving 
of the light receiving clement intersects the scanning surface by the optical scanning element, the size of the light send/ 
receive members may be reduced. 

[0221] Furthermore/in an optical scanning-type touch panel embodying the present invention, when a number of 
surfaces of the reflecting surface of the polygon mirror composing the optical scanning element is set to 3 through 6, 
the optical scanning element can be miniaturized. 



Claims 
1 



An optical scanning-type touch panel in which a region of a plane (10) specified as an object to be touched is 
touched by an indicator (S) so that information is inputted, said touch panel, characterized by comprising: 

light recurrence reflection means (7) provided to the outside of said plane (10); 

at least two sets of light send/receive means (1a and lb) having optical scanning means (11a, lib, 16a, 16b, 
4 and 5) for scanning a light angularly in a plane which is substantially parallel with said plane (10) and light 
receiving means (13a and 13b) for receiving a reflected light of the light scanned by said optical scanning 
means(11a, lib, 16a, 16b : 4 and 5) from said light recurrence reflection means (7); and 
measuring means (5) for measuring a cut-off region of a scanning light in said plane (10) which is formed by 
said indicator (S) based on a scanning angle of said optical scanning means (11a, 11b, 16a, 16b, 4 and 5) 
and the result of receiving light by said light receiving means (13a and 13b). 

2. The optical scanning-type touch panel according to claim 1 , wherein: 

said plane (10) is a quadrilateral display screen, 

said light recurrence reflection means (7) is arranged on the outside of at least three sides of said display 
. screen (10) so that its light reflecting surface is substantially perpendicular to the light scanning surface, 
said two sets of light send/receive means (1 a and 1 b) are arranged on the outside of one side of said display 
screen (10) where said light recurrence reflection means (7) is not arranged. 

3. The optical scanning-type touch panel according to claim 2, wherein a distance d between a segment of a line 
connecting the centers of said two sets of light send/receive means (1a and lb) and one side of said plane (10) 
where said two sets of light send/receive means (1a and 1b) are arranged is set so as to satisfy the following 
equation: 
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Here, 

d6: measuring accuracy 
5: detecting accuracy 

L: length of a reference line (a distance between said two sets of light send/receive means (la and 1b)) 

The optical scanning-type touch panel according to claim 2, wherein a part or whole of said light recurrence re- 
flection means (7) is arranged in a sawtooth form to be more perpendicular to light projected from said two sets 
of light send/receive means (la and 1b). 

The optical scanning-type touch panel according to claim 2, wherein said plane (10) is rectangular and said two 
sets of light send/receive means (1a and 1b) are arranged along one of short sides of said plane (10). 

The optical scanning-type touch panel according to claim 1, 2, 3, 4 or 5, further comprising indicated position 
calculating means (5) for calculating an indicated position by said indicator using a specified point on the cutoff 
region measured by said measuring means (5). 

The optical scanning-type touch panel according to claim 1 , 2, 3, 4, 5 or 6 wherein information about the scanning 
angle is obtained from information of scanning time of said optical scanning means (11a, lib, 16a, 16b, 4 and 5). 

The optical scanning-type touch panel according to claim 6, further comprising cross section length calculating 
means (5) for calculating a cross section length of said indicator based on the cut-oft region measured by said 
measuring means (5) and the indicated position calculated by said indicated position calculating means (5). 

9. The optical scanning-type touch panel according to claim 8, further comprising: 

size information storage means (25) for storing information about size of plural types of objects; 
comparison means (S12, SI 3, S14 and S15) for comparing the information about size of said indicator- (S) 
obtained from the cross section length calculated by said cross section length calculating means (5) and the 
information about size of plural types of objects stored in said size information storage means (25); and 
judging means (S16, S17, S18, SI 9 and S20) for judging a type of said indicator according to the compared 
result of said comparison means. 

10. The optical scanning-type touch panel according to claim 9 ; further comprising invalidating means (S21 ) for when 
said indicator is judged by said judging means (S16, S17, S18, S19 and S20) as an indicator other than a specified 
one, invalidating the cut-off region measured by said measuring means (5) and the indicated position calculated 

40 by said indicated position calculating means (5). 

11^ The optical scanning-type touch panel according to one of claims 1 through 10, further comprising: 

at least two light receiving elements (31a, 31b, 32a and 32b) provided in the vicinity of said plane (10) for 
45 receiving the scanning light from said optical scanning means (11a, lib, 16a, 16b, 4 and 5), 

wherein a timing at which said light receiving elements (31a, 31b, 32a and 32b) receive the scanning light is 
a timing of start/end of optical scanning on said plane (10). 

12. The optical scanning-type touch panel according to one of claims 1 through 11 , lurther comprising: 

50 

reflecting means (41a, 41b, 42a and 42b) provided in the vicinity of said plane (10) for reflecting the scanning 
light from said optical scanning means (11a, 11 b, 16a, 16b, 4 and 5) towards said light receiving means (13a 
and 13b), \ 

wherein a timing at which said light receiving means (13a and 13b) receives the reflected light from said 
55 reflecting means (41a, 41b, 42a and 42b) is a timing of start/end of optical scanning on said plane (10). 

13. The optical scanning-type touch panel according to one of claims 2 through 11, wherein a change in a reflected 
light amount at the end portion of said light recurrence reflection means (7) which faces one side of said plane 
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(10) where said light recurrence reflection means (7) is not arranged is a timing of start/end of optical scanning for 
one period on said plane (10). 

14. The optical scanning-type touch panel according to one of claims 1 through 11, wherein a region (D) where said 
indicator (S) cannot enter is provided between said plane (1 0) and said light recurrence reflection means (7). 

15. The optical scanning-type touch panel according to one of claims 1 through 14, wherein: . 

said scanning light is a pulse light, 

said optical scanning means (11a, 11 b : 16a, 16b t 4 and 5) includes control means (4 and 5) for controlling 
pulse emission. 

16. The optical scanning-type touch panel according to claim 15, wherein said scanning light is a pulse light whose 
period is enough short for necessary resolution. 

1 7. The optical scanning-type touch panel according to claim 1 5, wherein said control means (4 and 5) includes means 
(5) tor adjusting at.least one parameter of an emission time ot said scanning light for once, an emission strength 
of said scanning light for once and an emission period of said scanning light. 

1 8. The optical scanning-type touch panel according to claim 1 5, wherein said control means (4 and 5) includes means 
(5) for adjusting the timing of the start of the optical scanning. 

19. The optical scanning-type touch panel according to claim 1, wherein a cross sectional shape of the light scanned 
by said optical scanning means (11a, 11b, 16a, 16b, 4 and 5) is flat. 

20. The optical scanning-type touch panel according to claim 1 or 2, wherein a cross sectional shape of the light 
scanned by said optical scanning means (11a, 11a, 16a, 16b, 4 and 5) is flat in a direction parallel with said plane 
(10). 

21. The optical scanning-type touch panel according to claim 1 or 2, further comprising a light shielding member (70) 
for prevents the light scanned by the optical scanning means (11a, 16a, lib and 16b) of one of said two sets of 
light send/receive means (1a and lb) from entering the light receiving means (13b and 13a) of the other one of 
said two sets of light send/receive means (lb and 1a). 

22. The optical scanning-type touch panel according to claim 1 or 2, further comprising received light amount control 
means (50a, 50b and 5) for controlling a received light amount by the respective light receiving means (13a and 
1 3b) ot said two sets of light send/receive means (la and 1 b) to make it constant. 

23. The optical scanning-type touch panel according to claim 22, wherein said received light amount control means 
(50a, 50b and 5) controls intensity of the light scanned by said optical scanning means (11a, 11b, 16a, 16b, 4 and 
5) so that a received light amount of said light receiving means (1 3a and 1 3b) becomes constant. 

24. The optical scanning-type touch panel according to claim 22, wherein said received light amount control means 
(5) controls an amplification factor of a level of a light receiving signal of said light receiving means (1 3a and 1 3b) 
so that a received light amount of said light receiving means (1 3a and 1 3b) becomes constant. 

25. The optical scanning-type touch panel according to claim 1 or 2, further comprising: 

storage means (54) for storing information about a received light amount in an initial state in the light receiving 
means (1 3a and 1 3b) of said two sets of light send/receive means (la and 1 b); and 

comparison means (55a and 55b) for comparing information about a received light amount stored in said 
storage means (54) with a received light amount in said light receiving means (1 3a and 1 3b). 

26. The optical scanning-type touch panel according to claim 1 or 2, further comprising: 

storage means (54) for storing information about a received light amount in an initial state in the light receiving 
means (13a and 13b) of said two sets of light send/receive means (1a and 1b) by a digital signal; 
converting means (55a and 56b) for converting the digital signal stored in said storage means (54) into an 
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analog signal; and 

comparison means (55a and 55b) for comparing a received light amount in said light receiving means (13a 
and 13b) with the analog signal converted by said converting means (56a and 56b). 

27. The optical scanning-type touch panel according to claim 1 or 2, further comprising: 

switching means (50a and 50b) for switching intensity of the light scanned by said optical scanning means 
(11a, 11b, 16a, 16b, 4 and 5) between at least two steps, 

wherein said switching means (50a and 50b) is controlled according to a scanning angle of the light scanned 
by said optical scanning means (11a, 11b, 16a, 16b, 4 and 5). 

28. The optical scanning-type touch panel according to claim 1, wherein: 

the light scanned by said optical scanning means (11a, 11b, 16a, 16b, 4 and 5) enters directly said light re- 
ceiving means (13a and 13b) without going by way of said recurrence reflection means (7) at the start of 
scanning, 

first comparison means (58H) for comparing a received light amount signal by said light receiving means (1 3a 
and 13b) with a first reference value which is comparatively large and second comparison means (SSL) for 
comparing the received light amount signal with a second reference value which is comparatively small are 
provided, 

an output of the compared result (SSS) by said first comparison means (58H) is a timing of the start of scanning. 

29. The optical scanning-type touch panel according to claim 28, further comprising; 

at least two time counting means (59a) : 

wherein the timing of the start of scanning which is the output of the compared result (SSS) by said first 
comparison means (58H) is an actuating trigger of said time counting means (59a), and said switching means 
(50a and 50b) is switched at the time where said time counting means (59a) counts a predetermined time. 

30. The optical scanning-type touch panel according to claim 28, further comprising: 

. at least four time counting means (59b and 59c) in which the timing of the start of scanning which is the output 
of the compared result (SSS) by said first comparison means (58H) is an actuating trigger, 
wherein two (59b) of said four time counting means (59b and 59c) are stopped at a timing where the output 
(SCS) of said second comparison means (SSL) is changed from true to false, and the other two time counting 
means (59c) are stopped at a timing where the output (SCS) of said second comparison means (58L) is 
changed from false to true. 

31. The optical scanning-type touch panel according to claim 28, further comprising: 

lour time counting means (59b and 59c) in which a timing that the output (SCS) of said second comparison 
means (58L) is changed from false to true is an actuating trigger, 

wherein two (59b) of said four time counting means (59b and 59c) are stopped at a timing where the output 
' (SCS) of said second comparison means (58L) is changed from true to false, and the other two time counting 
means (59c) are stopped at a timing where the output (SCS) of said second comparison means (58L) is 
changed from false to true. 

32. The optical scanning-type touch panel according to claim 30 or 31 , further comprising: 

at least two time counting means (59a) for counting an interval of the timing of the start of scanning which is 
the output (SSS) of the compared result by said first comparison means (58H), 

wherein the counted results by said four time counting means (59b and 59c) are corrected by the counted 
result by said at least two time counting means (59a). 

33. An optical scanning-type touch panel in which a display screen (10) of a flat display is touched by an indicator (S) 
so that information is inputted, characterized by comprising: 

light recurrence reflection means (7) arranged to the outside of three sides of said display screen (10); 
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at least two sets of light send/receive means arranged on the outside of one side of said display screen (10) 
where said light recurrence reflection means (7) is not arranged, (la and lb) having optical scanning means 
(11a, 11b, 16a, 16b, 4 and 5) for scanning a lighl angularly in a plane which is substantially parallel with said 
display screen (10), and light receiving means (1 3a and 13b) for receivinga reflected light of the light scanned 
by said optical scanning means (11a, 11b, 16a, 16b, 4 and 5) from said light recurrence reflection means (7); 
and 

measuring means (5) for measuring a cut-off region of a scanning light in said display screen (10) which is 
formed by said indicator (S) based on a scanning angle of said optical scanning means (11a, lib, 16a, 16b, 
4 and 5) and the result of receiving light by said light receiving means (13a and 13b). 

34. The optical scanning-type touch panel according to claim 33, wherein said flat display is a plasma display. 

35. An optical scanning-type touch panel in which a region of a plane (10) specified as an object to be touched is 
touched by an indicator (S) so that information is inputted, said touch panel characterized by comprising: 

light recurrence reflection means (7) provided to the outside of said plane (10); 

at least two sets of light send/receive means (la and lb) having light emitting means (11a and 11b), optical . 
scanning means (1 6a, 16b, 4 and 5) for scanning a light emitted from said light emitting means (11a and lib) 
angularly in a plane which is substantially parallel with said plane (10), and light receiving means (13a and 
13b) for receiving a reflected light of the light scanned by said optical scanning means (16a, 16b, 4 and 5) 
from said light recurrence reflection means (7); and 

measuring means (5) for measuring a cut-off region of a scanning light in said plane" (10) which is formed by 
said indicator (S) based on a scanning angle of said optical scanning means (1 6a, 16b, 4 and 5) and the result 
of receiving light by said light receiving means (13a and 13b), 

.wherein said light emitting means (11a and 11 b) is arranged so that an optical axis of a light emitted therefrom 
intersects a scanning surface of the light of said optical scanning means (16a, 16b, 4 and 5), and said light 
receiving means (1 3a and 1 3b) is arranged so that directivity of a light received thereby intersects the scanning 
surface of the light of said optical scanning means (16a, 16b, 4 and 5). 

36. An optical scanning-type touch panel in which a region of a plane (10) specified as an object to be touched is 
touched by an indicator (S) so that information is inputted, said touch panel characterized by comprising: 

light recurrence reflection means (7) provided to the outside of said plane (10); 

at least two sets of light send/receive means (la and 1b) having light emitting means (11a and 11b), optica! 
scanning means (16a, 16b, 4 and 5) for scanning a light emitted from said light emitting means (11a and lib) 
angularly in a plane which is substantially parallel with said plane (10), and light receiving means (13a and 
13b) tor receiving a reflected light of the light scanned by said optical scanning means (16a, 16b, 4 and 5) 
from said light recurrence reflection means (7); and 

measuring. means (5) for measuring a cut-off region of a scanning light in said plane (10) which is formed by 
said indicator (S) based on a scanning angle of said optical scanning means (16a, 16b, 4 and 5) and the result 
■ of receiving light by said light receiving means (13a and 13b), 

wherein said light emitting means (11a and 11b) is arranged so that a path of a light emitted therefrom to said 
optical scanning means (1 6a, 1 6b, 4 and 5) goes away from the edge of said plane (10) in a portion closer to 
said light emitting means (11a and 11b), and said light receiving means (13a and 13b) is arranged so that 
directivity of a light received thereby goes away from the edge of said plane (10) in a portion closer to said 
light receiving means (13a and 13b), 

37. An optical scanning-type touch panel in which a region of a plane (10) specified as an object to be touched is 
touched by an indicator (S) so thai information is inputted, said touch panel characterized by comprising: 

at least two sets of light send/receive means (1a and 1b) provided to the vicinity of the region of said plane 
(10); and 

light recurrence reflection means (7) provided to the vicinity of the region of said plane (1 0), 
wherein said light send/receive means (1a and 1b) includes light emitting means (11a and 11b), optical scan- 
ning means (16a and 16b) for scanning a light emitted from said light emitting means (11a and 11b) angularly 
in a plane which is substantially parallel with the region of said plane (1 0), light receiving means (1 3a and 1 3b) 
for receiving a reflected light of the light scanned by said optical scanning means (1 6a and 1 6b) from said light 
recurrence reflection means (7), and light isolating means (19a and 19b) for passing the light emitted from 
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said light emitting means (11 a and 11b) towards said optical scanning means (16a and 16b) and isolating the 
reflected light from said light recurrence reflection means (7) towards said light receiving means (1 3a and 1 3b), 
wherein said light isolating means (19a and 19b) includes a reflector (190a, 190b) having a reflecting surface 
(191 a and 191b) for reflecting the reflected light from said recurrence reflection means (7) towards said light 
receiving means (1 3a and 1 3b) and an opening (1 93a and 1 93b) for passing the light emitted from said light 
emitting means (11a and 11b) towards said optical scanning means (16a and 16b) which is bored through 
between the reflecting surface (191a and 1 91 b) and its back surface (1 92a and 1 92b). 

38. The optical scanning-type touch panel according to claim 37, wherein said reflector (1 90a and 1 90b) is constituted 
such that the reflecting surface (191a and 191b) is not parallel with its back surface (192a and 192b). 

39. The optical scanning-type touch panel according to claim 38, further comprising; 

a reflecting mirror (20a and 20b) whose reflecting surface intersects the region of said plane (10), 
wherein said optical scanning means (16a and 16b) scans the light emitted from said light emitting means 
(11a and 11b) in a plane which intersects the region of said plane (10), and said reflecting mirror (20a and 
20b) reflects the light scanned by said optical scanning means (16a and 16b) in the plane whichyintersects 
the region of said plane (10) to the plane which is parallel with the region of said plane (10). 

40. The optical scanning-lype touch panel according to claim 39, wherein the reflecting surface of said reflecting mirror 
(20a and 20b) intersects the region of said plane (10) at an angle of 45°, and said optical scanning means (16a 
and 16b) is arranged so as to scan the light emitted from said light emitting means (11a and lib) in a plane which 
intersects perpendicularly to the region of said plane (10). 

41. An optical scanning-type touch panel in which a region of a plane (10) specified as an object to be touched is 
touched by an indicator (S) so that information is inputted, said touch panel characterized by comprising: 

light recurrence reflection means (7) provided to the vicinity of the region of said plane (1 0); 
at least two sets of light send/receive means (1a and 1b) having light emitting means (11a and 11b), optical 
scanning means (16a and 16b) for scanning a light emitted from said light emitting means (11a and 11b) 
angularly in a plane which is substantially parallel with the region of said plane (10), and light receiving means 
. (13a and 1 3b) for receiving a reflected light of the light scanned by said optical scanning means (16a and 16b) 
from said light recurrence reflection means (7); 

comparison means (83a and 83b) for comparing a light receiving signal by said light receiving means (13a 
and 13b) with a predetermined threshold value so as to detect a cut-off timing in the case where the indicator 
exists within the region of said plane; 

measuring means (5) for measuring a cut-off region of a scanning light by said indicator (S) within the region 
of said plane (10) based on a scanning angle of said optical scanning means (16a and 16b) and the compared 
result of said comparison means (B3a and 83b); 

calculating means (5) for calculating a position and size of said indicator (5) within the region of said plane 
(10) according to the measured result by said measuring means (5); 

signal level detecting means (36a and 36b) for detecting a lowest level of a light receiving signal of said light 
receiving means (1 3a and 1 3b); 

adding means (5) for adding a predetermined value to the signal level detected by said signal level detecting 
means (36a and 36b); and 

threshold value setting means (35a and 35b) for setting the add value obtained by said adding means (5) in 
said comparison means (83a and 83b) as a threshold value. 

42. The optical scanning-type touch panel according to claim 41 , wherein: 

said signal level detecting means (36a and 36b) detects the lowest level of the fight receiving signal of said 
light receiving means (1 3a and 1 3b) and a lowest level of the light receiving signal in the case where said light 
receiving means (13a and 13b) receives a scanning light with the indicator (S) not existing within the region 
of said plane (10), 

said adding means (5) adds a value between the two levels detected by said signal level detecting means 
(36a and 36b) to the lowest level of the receiving signal of said light receiving means (1 3a and 1 3b). 

43. An optical scanning-type touch panel in which a region of a plane (10) specified as an object to be touched is 
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touched by an indicator (S) so that information is inputted, said touch panel characterized by comprising: 

light recurrence reflection means (7) provided to the vicinity of the region of said plane (10)- 
at least two sets of light send/receive means (1a and 1b) having light emitting means (11a and lib) optical 
scanning means (16a and 16b) for scanning a light emitted from said light emitting means (11a and 11b) 
angularly ,n a plane which is substantially parallel with the region of said plane (10), and light receiving means 
1 3a and 3b) for receiving a reflected light of the light scanned by said optical scanning means (1 6a and 1 6b) 
from said light recurrence reflection means (7); 

=nn SrT 63 " 8 J 833 83b) f ° r com P arin 9 a «9ht receiving signal by said light receding means (1 3a 
and 13b with a predetermined threshold value so as to detect a cut-off timing in the case where the indicator 
exists within the region of said plane (10); 

measuring means (SJ for measuring a cut'-off region of a scanning light by said indicator (S) within the region 
of said plane (1 0) based on a scanning angle of said optical scanning means (1 6a and 1 6b) and the compared 
result of said comparison means (83a and 83b); 

calculating means (5) for calculating a position and size of said indicator (S) within the region of said plane 
( 1 0) according to the measured result by said measuring means (5)- and 

time counting means (84a and 84b) for counting a continuous time of a level of a light receiving signal of said 
light receiving means (13a and 13b) in the case where the indicator does not exisl on said plane (10) 
wherein said measuring means (5) measures a cut-off region in the case where the compared result of said 
companson means (83a and 83b) is changed within the time counted by said time counting means (84a and 

44. The optical scanning-type touch panel according to claim 43, wherein the time counting by said time counting 
means (84a and 84b) is performed automatically at the time of actuation. counting 

45. The optical scanning-type touch panel according to claim 43, wherein the time counting by said time counting 
means (84a and 84b) is performed in the case where a predetermined instruction is given. 

^ ,™ Jf J? Scann 7-' yP ?o? UCh ? anel in which a ^gion <* « P'ane (10) specified as an object to be touched is 
touched by an indicator (S) so that information is inputted, said touch panel characterized by comprising: 

light recurrence reflection means (7) provided to the vicinity of the region of said plane (1 0)- 
at least two sets of light send/receive means (la and 1b) having light emitting means (11a and 11b) optical 
scanning means (16a and 16b) for scanning a light emitted from said light emitting means (11a and 11b) 
angularly in a plane which is substantially parallel with the region of said plane (10), and light receiving means 
1 3a and 3b) for receding a reflected light of the light scanned by said optical scanning means (16a and 16b) 
from said light recurrence reflection means (7); 

C °h i Sf ° n , h means j 83a and 83b > ,or comparing a light receiving signal by said light receiving means (1 3a 
and 1 3b ) with * predetermined threshold value so as to detect a cut-off timing in the case where the indicator 
exists within the region of said plane (10); 

m f,m S K (5) f ? measurin 9 a cu, '- off re 9 ion °< a scan ™9 by said indicator (S) within the region 
of sa i d plan? (10) based on a scanning angle of said optical scanning means (16a and 1 6b) and the compared 
result of said comparison means (83a and 83b); 

calculating means (5) for calculating a position and size of said indicator (S) within the region of said -plane 
(10) according to the measured result by said measuring means (5) and • 

counting means (27) for counting the number of times every time when said comparison means (B3a and 83b) 
detects cut-off timings by the indicator existing on said plane (10) 

wherein said measuring means (5) does not measure the cut-ofl region in the case where a counted value of 
. said counting means (27) is not less than iwo. 

4? ' mJLTMA SC H n ^ n K 9 ; ,yPe ,0UCh PSnel aCCOrdin9 10 ° ne ° f daimS 1 ,hrOU 9 h 46 ' wherein 0Pti"l scanning 
means (16a and 1 6b) is composed of a polygon mirror having three through six reflecting surfaces. 

48. An optical scanning-type input device for detecting a positional information by an indicator (S) in a two^imensional 
square area (10) which is previously specified, characterized by comprising: 

two optical scanners (1 a, 1 b) which are provided to at least two adjacent corners of said square area (1 0) and 
scan a light beam in said square area (10); 
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optical means (7), provided to three residual sides of said square area (10) other than the side between said 
two optical scanners (1a, 1b), for changing an optical path of light beams from said optical scanners (1a : 1b); 
light receiving means (1 3a, 1 3b) for receiving a light whose optical path is changed by said optical means (7) 
so as to convert a received light amount to an electric signal; and 

means (5) for measuring a cut-off region of a scanning light in said square area (10) which is formed by said 
indicator (S) based on a scanning angle of said optical scanners (1a, lb) and the result of receiving light by 
said light receiving means (13a, 13b). 
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